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Cover Photo: Hecla Mining Co. began driving its 7,000-
ft decline to the Golden Promise orebody at Republic in
January 1990. The opening is 11 ft high and 13 ft wide. It

took 5 months to reach the first ore on the 600 level. Ata

constant slope of 15 ft per 100 ft of length, the 11 level
was reached 1,050 ft below the surface. The decline was
later extended to the 13 level, about 200 ft deeper than
the 11 level. The decline cost $300/ft, or $2,100,000, to
the 11 level. On January 2, 1995, the last ore was re-
moved from the. Golden Promise orebody.

The'Cannon Mine and e

Raymond Lasmanis, State Geologist
Washington Division of Geology and Earth Resources -
PO Box 47007, Olympia, WA 98504-7007

During 1982, Asamera Minerals, Inc., began drilling near
Wenatchee for reserves at the ‘B’ and ‘B-West® ore zones.
Sufficient ore was outlined to place the Cannon Mine into pro-
duction by July 15, 1985. By 1994, all available ore-grade ma-
terial was mined. The last ton of ore was hoisted from the mine
by Asamera on December 22, 1994,

During the course of 14 years, Asamera acquired an incred-
ible amount of data about gold deposits in the Wenatchee area

tion that it be readily available to the public, exploratlomsts
and the academic community.

On February 23, 1995, the Division took possession of six
filing cabinets, three flat map files, and numerous boxes.
These contain mine geology plans, sections, and assay plans,
as well as all drill-hole data in both electronic format and hard
copy. One cabinet contains photos of drill core-and data for
core geochemistry. Also included with the information are re- .
ports on the geophysics, metallurgy, and petrography of the
Cannon mine deposits. .

A detailed index of the data will be compxled in the near
future and published in Washington Geology.

The Department of Natural Resources appreciates the fore- .
sight of Asamera in preserving these data for use by future
generations of economic geologists. The state will beneﬁt

. from Asamera’s generosity. u

Division Awarded Grant for
Mount Rainier Guidebook

The Division has received a Scenic Byways grant from.the
Federal Highways Administration, administered through
the Washington Heritage Corridors Program, to prepare a
roadside geology guidebook for State Routes 410, 123, 7,
and 706.and U.S. Highway 12 in the vicinity of Mount Rain-
ier National Park. Pat/Pringle and Wendy Gerstel will be | |
starting the preparation of an Information Circular in July of
1995.

Our Area Code Has Changed!

The Division's Olympia Office has a new area code: 360.
Some calls made with the new code may not go through. If
-this happens, please let your phone company know. ,

Do you want to get off our mailing list?

The Division pays for printing and postage for Washington
Geology from an always-tight budget. Help us use our re-
sources well by letting us know if you no longer wish to
receive this ‘journal’. We will take your name off the list
immediately.
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The Metal Mlmng Industry of Washlngton in 1994

Robert E. Derkey
Washington Division of Geology and Earth Resources
904 W. Riverside, Room 209, Spokane, WA 89201-1011

INTRODUCTION

All known metallic mineral production in Washington in 1994
was of precious metals, gold and silver. However, some base
metals may have been recovered as by-products from ores
shipped principally for their precious-metal content. Slightly

more gold and silver were produced in Washington State in

1994 than in 1993—232,000 oz of gold and 507,000 oz of sil-

ver in 1994 compared to just under 230,000 oz of gold and -

460,000 oz of silver in 1993 (Fig. 1). The estimated value of
the, precious metals produced in Washington in 1994 was
$91:6 million compared to $84.8 million (estimated) in 1993.
The increased value is attributed to higher metal prices and

- more gold and silver produced in 1994,

Major changes occurred in Washington’s precious-metals
mining industry late in 1994—the Cannon and Golden Prom-
ise mines were closed. The planned shutdown of the Cannon
mine at Wenatchee took place in mid-December following de-
pletion of reserves. During its peak years of-operation, the
Cannon mine employed approximately 200 workers with an
. annual payroll (including fringe benefits) of about $8,000,000.
Employment dropped to about 150 workers as the planned clo-
sure date approached. Hecla Mining Co. closed its mill at Re-
public in February 1995 when low-grade ore processing was
completed. A total of 87 workers at the Hecla facilities were

affected by these changes; the effects were somewhat softened -

as 15 miners were hired by Echo Bay Mining Co. at the nearby
Lamefoot deposit.
As in 1993, exploration for precious metals in Washington

State continued to decrease. Most of the exploration centered.

around known producing gold mines near Wenatchee and Re-
public or in rocks similar to those hosting mineralization at the
producing mings. Resource Finance Corp. continued as the

major player in exploration for base metals (lead and zinc) -

with its continued work at the Pend Oreille mine. There was
little reported exploration for volcanogemc massive sulfide-
- type or porphyry-type deposits.

According to figures compiled by the Washmgton State
Employment Security Department for Standard Industrial
Classification code 10'(metal mining), an average of 673
workers were employed in metal mining industries in 1993

(the last year for which data are available) compared to 851 -

workers employed in 1992. Of that total, 470 and 578 were
employed in the sub-category gold ores (Fig. 2) in 1993 and
1992 respectively. This decrease is attributed to the closing of
. the Overlook mine at Republic and to decreasing numbers em-
‘ployed at the Cannon mine at Wenatchee. Although the figures
for employment are available only through 1993, they do cor-
respond to gold producﬁon (Fig. 1). The corresponding earn-

ERRATUM: The first sentence fast year’s report “Washington’s
Mineral Industry—1993", p. 3 in Washington Geology, v. 22, no. 1
should read: Nonfuel mineral production is Washington State during
1993 had an estimated value of $480.4 miilion.

Number employed
g % g 8

8

Average income (thousands)
g

A o JRE K3

e

ings of workers mining gold ores do not decrease. From 1986,
through 1993, average wages in the gold mining industry rose
steadily from just over $30,000 per-year.to over $50,000 per
year (Fig. 3). (These numbers are not adjusted for inflation.)
Table 1 summarizes mining and mineral exploration activi-

';ies in Washington for 1994. Numbers following deposit

400

Ounces of gold (thousands)

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
. Year ’

Figure 1. Goid production in Washington, 1985-1994.

i

]

1986 . 1987 ~ 1988 = 1989 . 1993

1990 1991 1992.
Year :

Flgure 2. Average number of workers mining gold, 1986-1993. (Data
from Washington State Employment Security Department.)

' 1986 ' 1987 = 1988 = 1989 1990 @ 1991 = 1992 = 1993

Year

: Figure 3. Average Income of individuais mining gold, 1986—-1993.

{Data from Washington State Employment Security Department.)
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Table 1. Mining and mineral exploration in Washmgton 1994. Property/project name is supplied by the company responding to the questlonnalre Order of entry is
generally from the northeast to southwest; location numbers are keyed to Flgures 4A through 4D. Entries 1-59 are base and precious metal properties; entries 101—181
are sites of industrial mineral actlvuty
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Echo Bay-MlneraIe Co.

underground methods from
Key west pit '

Loc . : , |
no. Property Location County Commodity Company Activity Area geology -
BASE AND PRECIOUS METALS s ‘ ‘ 7
1 Pen'd Orellle secs. 10-11, 14~1;.3,, Pend Oreille  Zn, Pb, Ag, Resource Finance Corp. Driving exploration drift as Mississippl Valley-type mineralizatlon In the E
mine: 39N, 43E Cd . access for additional ‘Yellowhead zone of the Cambrlan—Ordovlclan
: ¢ ' underground drilling Metaline Formation .
2 Lead Hill secs. 11-14,22-23, Pend Oreille Pb, Zn, Ag Ramrod Gotd USA, Inc. Maintained property Mlsslsslppi’Vaney-type mineralization in the |
. 27,40N, 44E ’ - . Cambrian-Ordoviclan Metaline Formation”™
3 Lead Hill secs. 11-14,22-23, Pend Orellle Pb, Zn, Ag - Cominco American Drilling Mississippi Valley-type mineralization in the
27, 40N, 44E ) : Resources Inc. ’ » Cambrian—Ordovician Metaline Formation
4 lroquols sacs. 1, 19-20, Stevens Zn, Pb, Ag, Au Mines Management, Inc. Malntalned property Mineralization in a breccia zone in the
: i 29-30, 40N, 42E o , o g - Cambrian-Ordovician Metaline Formation
5 Van Stone sec. 33, 38N, 40E  Stevens Zn, Pb, Cd Pan American Minerals Maintalined property, Mississippi Valley-type mineralization in the
mine : Corp. g attempting to sell property Cambrlan-Ordovician Metaline Formation
Staghern +  sec.3,37N,39E; Stevens Cu, Zn, Pb, Kennecott Exploration Co. Geologic mapping, Potentlal exhalative mineralization In Ordovician
Mountain sec. 34, 38N, 39E Ag, Au : - geophysics, drilling Ledbetter Slate
7 Ambrose sec. 16, 40N, 39E Stevens Au A. Ambrose Maintained property Placer deposit
_ Mining S .
8 . Cleta Group secs. 22,27,40N,  Stevens. Au, Ag, Cu ' David Robbins and Geochemistry . Veln and replacement mineratization in sheared
’ i 37 ' 7 Assoclates : : and contact-metamorphosed Permian Mount Roberts
' ‘ Formation } ,
9 Uranwash 1-4 sec.13,40N,36E  Stevens . Au, Ag, Cu, Merle Loudon & Geochemistry ' Vein-type mineralization in Jurassic metavolcanic
& New indian : ) Pb, Zn Betty Sanstrom - : rocks
Henry claims
10 Lone Ranch unsurveyed 39N, Ferry’ Au, Ag Platoro Inc. Obtained property, staked Gold-enriched sedimentary exhalative deposlt In
35E . ) _ additional claims Permian metasedimentary rocks
1 “Morning Star  sec. 16, 40N, 34E Ferry Au, Ag, Cu, Morse Bros. Geophysilcs, drilling - Volcanogenic massive sulfide mineralization ln
. B w » - ’ Mesozolic accreted-terrane rocks
12 Irish sec. 15, 40N, 34E Ferry Au Johnson Explosives Drming . Gold mineraltzation in atkalic rocks of the Jurassic
, ) _ ' - - Shasket Creek complex
13 Gold Mountaln secs. 7-8, 40N, 34E Ferry Au, Ag, Cu Gold Express Corp./ Maintained property . Gold-pyrite mineralization in an alkallc dike of the
- : i "~ N. A. Degerstrom, inc. ' Jurassic Shasket Creek complex
14  Lone Star sec. 2, 40N, 33E Ferry  Au, Cu, Ag BPG Resources, Inc., Maintained property, awalting  Disseminated and stockwork chalcopyrite and pyrite
' subsidiary of exploration permits In Permian~Trlassic greenstone, graywacke, argillite,
Britannia Gold ' and limestone
15 sec.20,39N,33E  Ferry Au, Ag Echo Bay Minerals Co. Baseline studles and drilling Epithermal deposit in the Eocene Sanpoil Volcanics
18 'Over!oolj mine sec. 18, 37N, 34E Ferry Au, Ag Echo Bay Minerals Co. Underground mining Gold mineralization assoclated with massive lron .
: : : replacement/exhalative mineralization and stockwork -
) . . of veinlets In Permian sedimentary rocks
17  Key deposits  sec.18,37N,34E  Ferry Au, Ag Mined a small reserve by Gol!d minerallzation assoclated with massive Iron ‘

- replacement/exhalative mineratization In Permlan
~ sedimentary rocks .

ol
e
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Loc. . - ) . CoL R o . " g KT L A D A

no. Hroperty Location County Commodity Company Activity "Area gedlogy

18  Lamefoot sacs. 4, 8, 37N, “Ferry Au, Ag Echo Bay Minerals Co. Commenced mining In Gold mineralization in massive Iron replacement/

.33E ' ‘ - December exhalatlve minerallzation In Permian sedimentary
. : . rocks .
19 Republic area Republic area Ferry Aung S. A. Jackson Maintalned leases Epithermal mineralization In Eocene volcanlc rocks
. - state leases : . : ' " of the'Republic graben .
.20  Republic numerous secs., Ferry Au,Ag - Hecla Mining Co. Exploration on company- - Eplthermal mineralization In Eocene volcanlc rocks
district 36-37N, 32-33E ) : controlled properties of the Republic graben
properties - , , ,

21 Copper Lakes secs. 3, 9-10, 14, Ferry . Ay, Ag ' Echo Bay Exploration Inc. .Geophyslcs, drHHngA Veln-type mineralization in Permian-Triasslc
: o 36N, 32E - ~ metasedimentary rocks _

22  Seattle’ secs. 33-34, 37N, Ferry Au, Ag Seattle Mine Produced from several faces.  Epithermal deposit in the Eocene Sanpoll Volcanics

’ 32E : Partnershlp/Sunshine _In the old mine; ore processed . C :
Valley Minerals, Inc. at Bow mill In Greenwood, BC;
. ' concentrate sent to Cominco
smelter in Trall, BC
Republic Unlt  secs. 27, 34-35; Ferry Au, Ag Hecta Mining Co. Mining and milling scheduled  Epithermalgold velns in dacite and andesite flows,
, . 37N, 32E ' to end in early 1995 as ore flow brecclas, tuffs, and tuff brecclas of the Eocene
’ reserves of the Golden Sanpoll Volcanics
Promise deposit are depleted .
24  South Penn secs. 27-28, 37N, Ferry Au, Ag Crown Resources Corp./  Exploration Epithermal deposit In Eocene Sanpoll Volcanics
: 32E Sutton Resources Inc. . : i

25. Manhattan secs. 7,18, 38N, -Ferry, Au, Ag, Cu, Westmont Gold Inc., Maintained property Eplthermal gold In Eocene volcanic rocks of the

Mountain _ 32E Okanogan Pb, Zn, talc subsldlary of : Toroda Creek graben
: ‘ Ramrod Go!d USA Inc. . - , . .

26  Washington sec. 25,38N, 31E . Okanogan Au, Ag ~Jopec Resources Ltd. Maintained property Eplthermal mlne_réllzatlon In Eocene felsic volcanic
Siiver : . . rocks of the Toroda Creek graben :
(Silver Bell) A ' - . _

27 . Ida secs. 16, 21, 39N Okanogan Au, Ag, Cu Crown Resources Corp. Maintained property Epithermal velns in the Eocene Sanpoll Volcanics

31E and Klondike Mountain Formation of the Toroda

: " . Creek graben
28  Crystal sec. 35,40N, 30E . Okanogan Au, Ag, Pb, Keystone Gold, Inc. Maintained property Skarn-type mineralization In the Permlan Spectacle
. ) . Zn, Cu Formation lntruded by Mesozolc rocks
29 Crown Jewel  sec. 24, 40N, 30E Okanogan "Au, Cu, Ag, Battle Mountain Geotechnical studies, Gold skarn mineralization in Permlan or Trlassic
- Fe Gold Corp./Crown preparing draft EIS metasedlmentary rocks adjacent to the Jurassic—
Resources Corp. . Cretaceous(?) Buckhorn Mountaln pluton

30 Molson Gold ~ numerous secs., Okanogan Au, Ag Crown Resources Corp. Malntained property Skarn- and epithermal-type mineralization In

39-40N, 28-29E . : ' Permian to Triassic metasedimentary and meta-

) : A volecanic rocks Intruded by Mesozolc granitic rocks
31 Agency Futte secs. 31-32, 31N, Okanogan Au, Ag Santa Fe Paclfic Reconnalssance sampllng Epithermal mlnerallzatlon In the Eocene Sanpoll
. 1 31E o Gold Corp./Colville . and negotlatlng Volcanics: o
, o ‘ Confederated Tribes ) ) _

32  Strawberry secs. 28-33,33N,  Okanogan Au, Ag Santa Fe Paclific 'Heclalmed drill sites from 1993 Veln and dissemInated mineralization in
Creek 31E; sacs. 4-5, 32N, : Mining, Inc./Santa Fe . metamorphlc rocks adjacent to Eocene Intruslve

31E ‘ Pacific Gold Corp. rocks

33 Parmenter secs. 1,12,32N, ~ Okanogan Au, Ag Colviile Confederated Detalled and reconnalssance . Strata-bound or shear-zone mineralization in
Creek 30E : ) Tribes geologlc mapping, pre-Jurassic schist, gnelss, and quarizite
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Table 1. Mining and mineral exploration in Washington,_1'994 (continued)

~ Mountaln ~ 26E Zn o
Wilbur Hallauer

37  Blue Lake sec. 5-6, 39N, 27E  Okanogan Au,Ag
38 Hot Lake secs. 7, 18, 40N, Okanogan Au,Ag Wiibur Hallauer
- 27E ’ .
39 Kelsey - secs. 5-8, 40N, 27E  Okanogan Cu, Mo, Ag, Wilbur Hallauer
‘ : X Au. ' :
40 Golden Zone  sec.7,40N, 25E Okanogan Au, Ag El Bravo Gold
. ' ' . Mining Ltd.
41 Billy Goat .sec.15,38N,20E  Okanogan Au, Cu, Ag Sunshine Valley
‘ : ‘ \ ‘ Minerals, Inc.
42 Mazama secs. 17, 19-20, Okanogan “Au, Cu, Ag Centurion Mines Corp.
: 36N, 20E :
43  Azurite .- sec. 30, 37N, 17E Whatcom Au, Ag, Cu, Double Dragon
. Pb Exptoration Inc.
44 New Light sec. 27, 38N; 17E Whatﬁ:om Au, Ag Western Gold
. ' ) ) Mining, Inc.
45 Minnesota A sec. 2, 37N, 16E Whatcom Au, Ag, Cu. Seattle-St. Louls
: ' " Mining Co.
46 LoneJack  secs.22-23,40N,  Whatcom Au, Ag Diversitied
’ . 9E _ ‘ ] - Development Co. -
47  South Pass -sec. 2, 39N, 4E; Whatcom Ni, Co, Cr Jackpine Mining
: ~ Nickel sec. 35, 40N, 4E Co., Inc.
48 Holden mine secs. 18-18, 31N, Chelan Cu, Au, Zn, Holden Village, Inc.
’ 17E; secs. 12-13, . . Ag
. 31N, 16E '
49  Gold Bgnd secs. 2-3, 22N, 17E * Chelan Au Gold Bond Mining Co.
'50 Cannon mine  sec. 16, 22N." 20E Chetan Au, Ag Asamera Minerals
oo ' “(U.S)) Inc.
51  Matthews sec. 35, 22N, 20E - Chelan- Au, Ag ~Ramrod Gold USA, Inc.

studies
Reconnaissance geologic

studies

Maintained property
Maintained property
Malntélnéd property
Maintained prnperty
Malintained property

Maintained property

Maintained property

" Geologlc mapping,
maintenance and rehabilitation
_ of old adits, limited exploration

Mining, shipped ore to East
Helena, MT

Drilling, dropped property

Evaluated condition of old

haulage adit

Rehabilitating underg}ound
workings

Mining continued until mid-
December when reserves
were depleted and the mine
was closed

Drilling

e
Loc.
no. Property Location County Commodity Company Activity Area geology
34  Aeneas Valley sec. 8, 35N, 31E Okanogan . Au, Ag, Cu, Sunshine Vall'ey - Exploration/development Possible gold mineralization associated with large
property- silica Minerals, Inc., ) ) quartz (high-grade quartz) bodies in probable
i . : . Permian rocks
35 Lucky Knock  sec.19,38N,27E  Okanogan Au, Sb Magill & Assoclates Geochemlstry, geologlc Stibnite veintets and disseminations in fractured and
) mapplng silicified limestone of the Permian Spectacle
. : . : Formation ,
.36  Palmer secs. 20, 29,39N,  Okanogan Cu, Au, Ag, Wilbur Hallauer “Reconnaissance geologic Volcanogenic massive sulfide mineralization in the

Permlan-Triassic Palmer Mountain Greenstone

Gold anomalles found along margins of
Permian—Trlassic limestone

Low-grade gold mineralization adjacent to the Kelsey
porphyry-type deposit

Porphyry-type mineralization in Jurass)c-Cretaceous
Silver Nall quartz diorite :

Vein or shear-zone Kobau Formation and

~ Similkameen batholith

Stockwork in Cretaceous(?) andesite tuff and brecclé

" Porphyry-type mineralization in fractures and in a

breccia body of a Cretaceous stock

Veins in sedimentary rocks of the Cretaceous
Virginian Ridge Formation

' Quartz-carbonate-cemented slate-argillite breccia in

the Lower Cretaceous Harts Pass Formation

Quartz veins in arglllite and feldspathic sandstone of
Lower Cretaceous Harts Pass Formation

Quartz veins in metasediméntary.rocks

Laterite deveioped in peridotite at the base of
Eocene sedimentary rocks

Metén\orphosed volcanogenic massive sulfide =

Veln mineralization in rocks of the lngélls ophiolite
complex

Mineralization In altered (commonly sIIIclﬂed) zones
In Eocene arkosic, sandstone

Mineralization in altered (commonly silicified) zones -
in Eocene arkosic sandstone. -
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Gehrke quarry

Loc. . : : ~ “ )
no. Property Location County Commodity Company Activity Area geology
52  Skaglt secs. 1-3, SSN,VSE Skaglt Cu, Zn, Au, . Cannon Minerals Discovered new zinc-rich zone Masslive sulfide mineralization in accreted- terrane
.~ Copper _ Ag, Pb on property : (melange?) rocks _
53  Lockwood secs. 25,30-32, Snohomish  Cu, Au, Zn, Island Arc Resources ~ Maintained property Kuroko-type volcanogenic massive sulfide
29N, 9E > Ag 5o "~ Corp./Formosa . mineralization in Jurassic volcanic rocks of the
. - Resources Corp. ‘Western melange belt
54  Phllo secs. 22-23, 29N, Sndh\omlsh Au, Ag, Cu Alberg and Assoclates, Applying for permits . Mineralized fracture zone
. . 11E (unsurveyed) : " Inc. o )
55  Apex - Damon sec. 34, 26N, 10E  King Au, Ag, Cu, CSS Management Corp. Mining and miliing Quartz veln In granodiorite of the Miocene
: ' Pb ' . o " Snoqualmie batholith
56 Weyerhaeuser Cascadesarea Cowlitz, King, Au, Ag, Cu, Waeyerhaeuser Co. Evaltation of minerals on Cascades ﬁrovlnce and adjacent volcanlc,
' properties . Lewis, Plerce, Mo, Pb, Zn, : - company lands - volcaniclastic, and intrusive rocks
, Thurston clay, silica ] _ o o
57 Morse Creek  sec.31, 17N, 11E Yakima Au, Ag Ardic Exploration & Maintained property Tufts of the Oligocene Ohanapecosh Formation
: . ) Development, Lid. :
58 . Wind River sec. 9, 5N, 7E Skamania Au,Ag DelLano Wind River Preparing to mine Epithermal mineralization in Ollgocene—Mlocene
' Mining Co. o volcanic rocks
Silver Star secs. 3-5,8-9, 3N, Skamania Cu, Ag, Au, Kinross Gold USA, Inc. Maintained property Tourmallne-bearing breccia plpe assoclated with’
5E Mo : porphyritic phases of the Miocene Silver Star ptuton
INDUSTRIAL MINERALS.
101 Totem talc secs. 23, 25-26, Pend Oreille talc First Miss Gold Inc./ Malintalned property Talc along a high-angle fault in altered dolomites of
39N, 44E : United Catalysts Inc. the Proterozoic Z Monk Formation (Windermere
Group)- .
102 No Name secs. 8, 9, 32N, 45E * Pend Oreille  decorative Northwest Stone, Inc. ‘Harvesting' talus Meta-argiliite in the Proterozoic Y Prichard
quarry ) : ’ stone _ Formation of the Belt Supergroup .
103 Mica mine sec, 14, 24N, 44E Spokane clay Mutual Materials Co. Reclamation and development Lacustrine ciay of the Miocene Latah Formation -
' work toward productlon of new overlying saprolitic, pre-Tertiary felslc gnelss and
reserves; no new mining at the locally underlying siity clay of the Plelstocene
Mica mine, Fruin property Palouse Formation
(sec. 33, 24N, 45E); or .
Pottratz pit (sec. 7, 21N, 45E); ~
production of bricks )
104 Somers sec. 35;25N,44E  Spokane clay Quarry Tlle Co. Using stockpiled clay Lacustrine clay of the Miocene Latah Formation
. clay pit ' . overlain by silty clay of the Pleistocene Palouse
: . , . Formation
105 Blue Slivgr sec.21,28N,36E  Lincoln dolomite New lessee Idle Dolomite of the Cambrian-Ordoviclan Metaline
. quarry ’ ' . ] Formation
106 Allan prospect sec. 287, 30N, 38E ‘Stevens - barite - Byron Boggs/Al Matovich ~ Property evaluation Barite veins In Proterozoic Y metasedimentary
: : arglllite, dolomite, and quartzite of the- Deer Trail
. . . . -Group
107 sec. 2, 29N, 39E Stevens dolomite Allled Minerals inc. Mining, milling

Isolated pod of Proterozolc Y Stensgar Dolomite(?)
(Deer Trail Group)




R ——— e

t4 o=

S66I YOI ‘[ "OU ‘£7 'joA '&3o;oab ub;Su;qva

Table 1. Mining and mineral exploration in Washington, 1994 (continued)

Loc. : . ‘ .

no. Property Location County Commodity Company Actlvity Area geology

108 Nine quarries Stevens dolomite Nanome Agg'regates, Inc.  Mining, milling . Uniguely colored dolomite or dolomitic-marble mined

. o ) at nine sites in Stevens County: China White, Black, _
Lolo Martin, Primavera/Sage Green, Cream,
o ‘ ‘ Rose/Red, Grey/Chartreuse, Botte, and Watermary

109. Lane Mountaln secs. 22, 34,31N,  Stevens silica Lane Mountain Siiica Co.  Mining, mllling Cambrian Addy Quartzite

- quarry 39€ ) (division of Hemphill - : : :
Brothers, Inc.) . .
110 CheWalah sec. 5, 32N, 41E Stevens dolomite Chewelah Eagle Mining by Nanome Aggregates Devonlan-Carboniferous(?) metacarbonate rocks
’ Eagle quarry Mining Co. for thelr Sunlit White product . . :
111 Eagle barite sec.33,33N,41E  Stevens . barite Lovejoy Mining Malntained property Massive to brecclated barlte veins in sheared
) - T . argillite of the Proterozoic Y Striped Peak Formation
: (Belt Supergroup} - E o

112 Addy dolomite secs. 13-14, 33N, Stevens . dolomite Northwest Alioys, Inc. Mining, production of Dolomite.of the Cambrian—-Ordovician Metaline
quarry 3%E . magnesium metal Formation ) :

113 Sherve quarry sec. 8, 39N, 40E Stevens limestone - Northport Limestone Co. ~ Mining, milling Limestone in the upper unit of the

) : {divislon of Hemphill Cambrian-Ordoviclan Metaline Formation
. ‘ Brothers, Inc.) ) ' _
114 Jannl limestone sec. 13, 38N, 39E  Stevens limestone Peter Janni and Sons Leased to Pluess-Staufer Reeves Limestone Member of the Cambrian Maltlen
: quarry . ’ Industrles, Inc. Phyllite C
115  Joe Janni sec. 13, 39N, 39E = Stevens limestone Joe Jannl Leased to Columbla River Reeves Limestone Member of the Cambrian Maitlen
"~ limestone : : Carbonates Phyliite i
deposit ] . ' . ,
116 Flagstaff sacs. 4,9, 39N, 39E  Stevens barite Mountaln Minerals Co. Ltd. Reviewing and ranking all Massive bedded barite In the Devonian—
Mountain dba Mountain Minerais . barite properties Carbontferous Flagstaff Mountain sequence
) . Northwest ’ - '
117 Whitestone sec.34,39N,3BE  Stevens decorative Whitestone Co. Mining ‘Recrystallized limestone (marble) In the Cambrlan
. quarry : stone . Maitlen Phytlite .

118 Northwest sec. 19, 38N, 38E Stevens dolomite Northwest Marble Mining, miliing: . Dolomite of the Cambrian-Ordoviclan Metaline
marble mine;- Products Co. Formation; additional colored dolomite-products are
other quarries quarried at several locations

119', Moontight sec. 24,38N,37E  Stevens decoratlve Whitestone Co. Mining Dolomite
-quarry . stone ' * .

" 120 Kifer quarry sec. 2, 36N, 37E Ferry decorative Raymond Fosback Mining Foliated and lineated, thin bedded, white to
stone Masonry light-brown, mlcaceous quartzite forming a belt along
- the eastern margin of the Kettle metamorphic core
. . i complex o ]

121 ‘\Waucom'a' sec. 13,38N,30E  Okanogan limestone Columbia River " Mining, mliling High-calcium, pre-Tertiary white marble lenses in
‘quarry : o Carbonates i mica schist, calc-silicate rocks, and horntels

122 ~ Bonaparte sec. 20, 38N, 30E  Okanogan peat moss The Bonaparte Co. Mining Hypnum moss in a peat bog south of Bonaparte Lake

: Meadows peat : ) . ‘ : v _

123 . Polson Lake . secs. 4-5,38N,27E Okanogan gypsite Agro Minerals, Inc. ‘ Mining Evaporitic lake in a small basin at the convergence

of several ravines dammed by glacial deposits -
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Loc.

no. Property Location County ‘Commodity Company Activity - Area geology 2
124  Tonasket sec. 25, 38N,26E  Okanogan limestone Pacific Calclum, Inc. Mining, mIII_IriQ Metacarbonate rocks In the conglomerate-bearing
- limestone - member of the Permian Spectacle Formation
. quarry (Anarchist Group)
. 125 Brown quarry  sec. 26, 35N, 26E Okanogan’ dolomite . Pacific Calcium, Inc. Mining Metadolomite member of the Trlassic Cave Mountain
. ’ . ) Formation . ' i
126 Volcanic mine sec. 13, 23N, 25E Douglas’ clay " Baslc Resources Corp. Final mine permlttlng for Calclum bentonite clay interbeds in the Miocene
: ' : : ) - mid-1995 start-up . Columbia River Basalt Group near Moses Coulee
127 Rock Top sec. 20, 22N, 26 Grant clay Baslc Resources Corp. Geologlc mapping, drilling Montmorillonite-group clays (bentonite) as interbeds
. C ’ h in the Columbla River Basalt Group
128 Sec. 7 pit 4 sec. 7, 17N, 24E ‘Grant diatomite Celite Corp. - Mining, milling Miocene ‘Quincy Diatomite Bed’, a sedimentary
- . Interbed.-occurring locally at the base of the Priest
. ) ) _ Raplds Member (Columbia River Basalt Group)
129 Sec. 3/10 pit  secs. 3,10,.17N, Grant diatomite Celite Corp. " Mining, milling Miocene ‘Quincy Diatomite Bed', a sedimentary
23E J interbed occurring locally at the base of the Priest
} . ‘ Rapids Member (Columbia River Basalt Group)
130 Shale pit sec. 10, 17N, 20E  Kittitas clay Waestern Resources Permitting Continental sedimentary deposits that occur
. ’ o - Company - . between flows of the Columbia River Basalt Group
131 Chikamin sec. 22, 29N, 17& Chelan decorative’ Joe Mahaffee Mining Extensive deposits of Glacler Peak pumice
. quarry : stone _ .
132 Sears Creek sec. 32, 28N, 16E Chelan soapstone Ben Barke Development work Serpentinized peridotite and metaperidotite
133 Two Rivers sec. 15, 27N, 16E Chelan decoratlve Two Rivers Sand Mining ‘Fine-gralned to pegmatitic tonalite and granodiorite
quarry ' ' - stone, rockery and Grave! gnelss - ' v
134 Nason Ridge secs. 10, 14-15, ~ Chelan marble ECC International Malintained property Podiform bodles of high-calclum, high-brightness
. 27N, 15E : (Engtish China Clay) marble in pegmatitic tonalite and tonalite gneiss of
N . . C the Chelan complex .
135 Maple Falls secs. 7, 18, 40N, 6E  Whatcom limestone Clauson Lime Co. Mining — Sheared, jointed Lower Pennsylvanian limestone
. quarry overlaln by sheared arglllite and underlain by
argillite, graywacke, and volcanic breccia of the
. . . Chilliwack Group
136 Kendall quarry secs. 14-16,22-23, Whatcom limestone Tilbury Cement Co. Mining ) Lower Pennsylvanian limestone
o 40N, 5E ' : ) , -
137 Pt‘. Lawrence sec.25,37N,1W._ San Juan limestone,  Alberg and Assoclates, Permitting Pre-Devonian basement complex?
, _ . - sandstone Inc. C
138 Wells Creek sec.5,39N,8E  Whatcom decorative ' Frank Puilar - Mining Blulsh-green andesite marketed as 'Shuksan Stone’
] quarry . stone : .
139 Swen Larsen -sec.34,38N,6E  Whatcom olivine Olivine-Corp. - 'Mlnlng. milling, production® - A portion of @he‘:'as-ml2 outcrop area of the Twin
quarry ; of olivine (refractory) Sisters dunite, Whatcom and Skagit Countles
) oo incineration systems
140 Hamlltln plant sec. 17, 36N, 7E Skagit ollvlhe Unimin Corp. Milfing, production of olivine Twin Sisters dunite
i : products ' -
141  Whatcom and  sec. 6, 36N, 4E Skaglt decorative Whatcom Skaglt Quarry Mining Darrington Phyllite
: Skagit quarry - stone :
142 unnamed " sec.13,34N,1E-  -Skagit decorative Island Frontler Landscape Idle Andeslte
quarry : : . stone Construction Co. : :
143 Paclfic quarry * Skagit rockery Mining Diorite

sec. 33, 34N, 4E

Meridlan Aggregates inc.
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Table 1. Mining and mineral exploration in Washington, 1994 (continued)

Loc.

no. Property  Location County Commodity Company Actlvity Area geology
144 - Twin River secs. 22-23, 31N, Clallam clay Holnam ideal, Inc. Mining Mudstone(?) In thrée members of the upper Eocene
quarry 1ow : o : : to lower Miocene Twin Rivers Formation
145 Mats Mats sec.33,29N,1E . Jefferson rockery Genera! Construction Co. Mining Eocene basalt of the Crescent Formation
quarry _ : . .
146 Mandan quarry sec. 12, 30N, 6E Snohomish - rockery “Universal Land Mining Basalt
‘ ) . , Construction Co. -
147 lron Mountain  sec. 17, 30N, 7E Snohomish rockery Iron Mountain Quarry Mining Andesite
: quarry -~ ) - , . B
148 Granite Falls  sec.8, 30N, 7E Snohomish rockery - Meridian Aggregates Inc. Mining Andesite
quarry o .
149 AAA Diorite sec. 23, 28N, 7E Snohomish rockery AAA Monroe Rock Corp. Mining Diorite
quarry . '
. 150 Monroe Rock sec. 10, 27N, 6E Snohomish rockery ~ AAA Monroe Rock Corp. Mining Basalt
quarry , o S _ ~
151 Cadman Rock sec.19,27N,7E Snohomish - rockery Cadman Rock Co. Inc. Mining Basalt
quarry ' _ , , o
152 Milier Lime secs. 15-16, 27N, Snohomish rockery - Alpine Rockeries Inc. Mining Lenticular beds of folded and faulted, Late Jurassic
quarry - 9E : ) ’ or Early Cretaceous fossiliferous limestone ]
: interbedded with graywacke, argilite, and volcanic
. ) . rocks
153 Newberry Hill sec. 26, 24N, 1W - Kitsap peat moss Asbury's Topsoll Mining Bog contains peat, humus, Sphagnum moss, and
" peat ’ Co : ) clay, to which sandy loam Is added for a topsoil
S ' product. ) .
154 Sec. 31 pit sec.31,24N,6E - King shale Mutual Materials Co. Mining Shale and sandstone of the Eocenée Puget Group
155 Pinnacle- sec. 29, 23N, 6E King . sandstone, Alberg and Associates, Permitting Upper Eocene Renton Formation of the Puget Group
-~ Cedar Mountaln’ ‘ expandable Inc. . : .
shale’ '
156 Spruce claim  secs. 29,30,24N, King crystals Robert Jackson Mining, guided mineral- Quartz and pyrite cryétals In large, open volds along
: : 1E . collecting field trips faulted mega-breccia in the northern phase )
granodiorite and tonalite {25 Ma) of the Snoquaimie
, X _ batholith ‘
157 Marenakos various various decorative Marenakos Mining “Granitic talus and round rock, rhyolite, and columnar
Rock Center o - stone . _ . basalt . .
158 ~ Elk pit sec. 34, 22N, 7E King shale Mutual Materials Co. | Mining llite- and kaolinite-bearing shales of the Eocene
' i ) ' ' , Puget Group ' o C
159 . HavenTale pit sec.1,21N, 6E King silica Reserve Silica Corp. Mining, washing Sandstone of the Eocene Puget Group
160 John Henry sec. 12, 21N, 6E King clay Pacific Coast Coal Co. Mining -Upper middle Eocene slity clay near the base of the
No. 1 : : Puget Group comprising a 30-ft-thick zone above the
- . . Franklin No. 9 coal seam _
161  Mine 11 sec. 11, 21N, 6E King decorative Palmer Coking Coal Co. Diawlng from stockpile Cinders accidentally produced when stockplles of
: : stone ' ) inferlor-quality coal and slag (shale, sandstone, clay) -

underwent spontaneous combustion and smoldered
for years at temperatures exceeding 2,000°F,.,
thereby producing ‘nature’s brick’ .
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Loc. -

no. Property Locatlon " County Commodlty Company Activity "Area geology
162 - Franklin Rock sec. 18 21N 7E King ' decorative Palmer Coking Coél Co. Mining Andesite
quarry ' stone . . o . .
163" Enumclaw sec. 1, 20N, 6E King- . rockery Enumclaw Quarry Inc. Mining Andeslte flows as Interbeds in volcanic breccla and
" quarry’ ' o L 5 o sandstone
164 "410 quarry sec. 20, 20N, 7€ King rockery 410 Quarry Inc.. Mining Miocene andesite flows :
165 Superior sec. 1, 19N, 7E King ' slica -Ash Grove Cement Co. Mining, milling Silica cap In hydrothermally altered Mlocene
quarry C : S . andesites on a caldera margin
166 Buckley sec.7,19N, 7E Plerce - rockery Washington Rock Mining - Miocene andesite
©-oquarry _ ) ’ Quarrles Inc. _ - . : .
167 Wilkeson sec. 27, 19N, 6E Plerce rockery; Rockerles Inc.; - Mining Fluvial sand_sione (Wilkeson sandstone) of the
quarry ' - dimension Marenakos : Carbonado Formation in the Puget Group
N stone .
168 Kapowsin | sec. 8, 17N, 5E Plerce rockery ‘Washington Rock Mining Oligocene-Miocene Intrusive andesite’
quarry : Quarries.Inc. - _ .
169 Clay Clity pit sec. 25, 17N, 4E Plerce clay Mutual Materials Co. Using stockpiled clay, Oligocene-Miocene kaolln-béarjng, altered andesite
‘ i ’ shutdown adjacent . —
. . Clay City brick plant ‘
170 Lynch Creek  sec.13, 16N, 4E Plerce rockery Randles Sand and Mining Eocene-Oligocene andesite flows
quarry ‘ ) ' Gravel Inc. : . . .
171 Bucoda pit sec. 14, 15N, 2w Thurston clay Mutual Materials Co. Mlnlng Glaclal cléy of the Pliocene-Plelstocene Logan Hill
. : . . ‘ Formation overlying siity clay of the Eocene
. Skookumchuck Formation :
172 - Hercules sec. 37, 16N, 1W Thurston decorative " Northwest Stone Inc. Mining Middle to upper Eocene marine sedimentary rocks
quarry - stone ' : (Tenino sandstone)-assigned to the top of the
. o . ) : Mclntosh Formation o
173 Johnson Creek sec.24, 16N, 1W " Thurston rockery Sea Tac Rock Co. . Mining Andesite of the Eocene Northcraft Formation o
174 Jones quarry  sec.29, 18N, 2W Thurston rockery, Jones Quarry L Mining Basalt of the Eocene Crescent Formation, Informally
- ‘decorative ' . known as the Black Hills basait
stone ‘
175 Olymplc peat  sec.7, 18N, 1W Thurston peat Olympic Peat and Soils Idle? - Peat deposlts
176 - North Bay peat sec.13,18N,12E  Grays peat moss Ocean Farms and Solls Mining Sphagnum moss produced asa componem for
: . ' : Harbor : : : top-soll product
177 Snow Queen  sec.36,14N,11E  Yakima decorative Heatherstone Inc. Mining Quaternary andesite flows
quarry - o . stone : o : ]
178 Castie Rock sec. 18, 10N, 1W Cowlitz clay Ash Grove Cement Co. Mining Eocene-Oligocene nearshore sedimentary rocks
Clay pit-. o : Co ‘
179 Blockhouge secs. 5, 8-9, 4N, Klickitat decorative D. M. Layman inc. Mining Plloéene—Quaternary scorla_ceous basalt (clnder)
quarry 1 15€ ) . stone ‘ : .
" 180 Red Rock sec. 27, 4N, 16E Klickitat decorative Bishop Red Rock Inc. - Mining Near-vent scorlaceous Pllocene-Quaternary basalt
' quarry ‘ stone _ : (cinder)
181 Fisher quarry- sec. 8, 1N, 3E Clark decorative Gllbert Western Corp. - Mining Pllocene~Quaternary andesite ﬂows
: ‘ stone
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Cleanup of the mill is expected to-bé
completed by early April, when the mili .-
will be mothballed. Head grades were
0.36 oz per ton for gold and 2.89 oz per’
ton for silver. Gold and silver produc- .
‘tion were 39,085 oz and 283,326 oz, re-
spectively, in 1994. Despite dwindling .
ore reserves, the company operated its
mill at Republic at full production ca- -
pacity of 325 tons per day in 1994. He-
B - cla continues to explore on its extensive
holdings in the Republic-area. .
Seattle Mme_Partners_hlp/Sunshme

Figure 5. Echo Bay Minerals Co. opened the Kettle River Project mill at Republic in 1989 to
process ore from their mines in the area. Through 1994, the mill has processed 2,924,759 tons
. of ore and recovered 403,671 oz of gold.

names in this text are.keyed to the deposits listed in Table 1

ang their locations on Figures 4A-D. Metal mines and ‘explo--
ratxon projects have numbers under 100. The majority of this ~

volunteered information was obtained from an annual survey

of mining companies and individuals. Table 1 lists only those

~ companies that returned questionnaires. It is not a complete
listing of mineral activities.

As in 1993, many companies and individuals reported .

maintaining properties, but with little expenditure beyond that
required to maintain the property. v

Additional details about the geology of the metallic min-
eral deposits and comparisons of activities in previous years in
the state are available in Teviews of Washington’s mineral in-

dustry for 1991 through 1993 by Derkey and Gulick (1992) =

and Derkey (1993; 1994). Questions about metal mining ac-
tivities and exploration can be referred to Bob Derkey in the
Division’s Spokane office. .

PRECIOUS METALS

The Cannon mine (no. 50) at Wenatchee, in its final year of
operation, maintained its position as Washington’s largest
gold producer. The operation was a joint ve’gxture between
Asamera Minerals (U.S.) Inc. (as operator) and Breakwater
‘Resources Ltd. The last blast at the mine was on December 17,
and the last ore was hoisted to surface on December 22. During
its final year 6f operation, this epithermal-type deposit pro-
duced 125,370 oz of gold and 213,497 oz of silver from
393,461 tons of ore. The head grade of ore shipped to the mill
averaged 0.340 oz ‘per ton for gold and 0.631 oz per ton for
silver. The increased gold production (relative to 105,477 oz

" of gold produced in 1993) is attributed to higher grade ore
from pillars that had been left as supports and was mined as
the company retreated from more distant parts of the mine.
Many of the pillars were adjacent to faults that may have been
feeders for the mineralizing solutions. From 1985 through
1994, the Cannon mine produced more than'1.25 million oz of
gold and 2 million oz of silver from a total of 4,133,101 dry
tonnes of ore. (See also review of the hxstory of the Cannon
mine, p. 21).

Hecla Mmmg Co.’s Republxc Unit (no. 23) mined 120 165
~'tons of ore in 1994. The Golden Promise mine (cover photo)
- was closed on January 2, 1995. The mill operated until mid-
February when processing of gold ores was completed.

16 Washington Geolégy, vol. 23, no. 1, March 1995 -

Valley Minerals, Inc. produced gold ore

from several faces in the Seattle mine

(no. 22) at Republic. Their ore was

processed at the Bow mill in Green-

wood, BC, and the concentrate was sent
to the Cornmco smelter at Trail, BC. .

Echo Bay Minerals Co.”s Kettle River Pro;ect at Repubhc
produced 66,782 oz of gold and approximately 10,500 oz of
silver in-1994 from 523,400 tons of ore processed in its mill
near Republic (Fig. 5). The head grade was 0.149 oz of gold
per ton, and recovery was ‘85.6 percent.

Ore for Echo Bay Minerals operations was mined from the
exhalative/replacement-type Key, Overlook, and.-Lamefoot
deposits. The Lamefoot deposit (no. 18) was the new star in
gold mining in Washington in 1994. Mining there began in

~ early December of 1994, following receipt of permits to mine .

in late November. This deposit is expected to be the mainstay

Lof Kettle River project operations for.several years. Proven

and probable ore reserves are 1,640,300 tons at 0.190 oz of

gold per ton (312,000 oz of contained gold). An additional

possible ore reserve includes 1,327,600 tons at 0.176 oz of
gold per ton (234,000 oz of contained gold). The company will
be updating these reserve values in March of 1995.

Open-pit mining of the Key deposits (no. 17) was com-
pleted in 1993. Underground mining of a small reserve from

_the Key deposit west pit (Fig. 6) began in August and was

completed in November of 1994. This reserve produced a total
of 40,000 tons of ore at a grade of 0.179 oz per ton gold.

Echo Bay Minerals reopened the Overlook mine (no. 16) in
1994 and produced ore for their mill near the mine. Plans are
to complete mining of the remaining reserves at the Overlook
in 1995.

On February 1, Echo Bay initiated site preparation at the -
K-2 deposit (no. 15) on an exploratory drift to confirm re-
serves calculated from drilling. The announced (possible) re-
serve at this epithermal-type deposit in Eocene rocks of the
Republic graben is 631,000 tons of 0.20 oz per ton gold.

The only other known gold production in Washington was
from the Lone Jack mine (no. 46), where mining is seasonal .-
due to the high elevation of the deposit. About 1,000 tons of
ore were shipped to a smelter in East Helena, MT. : '

The Crown Jewel deposit (no. 29), a Battle Mountain Gold
(operator)/ Crown Resources joint venture, continued its ef-
forts to obtain permits to mine the deposit. A draft environ- .
mental impact statement is expected atthe end of 1995; this
begins a period of review that can lead to preparation of a final

- environmental impact statement and issuance of permits to
" mine. Battle Mountain anticipates beginning construction for

the mining operation in the spring of 1996; they expect mining




" could start about 1 year after construction
. begins. Announced reserves at the Crown
Jewel deposit are 8.7 million tons of ore at a
grade of 0.186 oz of gold pér ton, or more,
than 1.6 million oz of gold. For the state of
Washmgton the gold estimated to be con-
tained in the Crown Jewel deposit is second
in amount only to that mined at the com-
bined deposits of the Republic Unit of Hecla
Mining Co.

Exploration and property maintenance
continued at numerous sites for epithermal
deposits, predominantly in Tertiary rocks of
the Republic and Chiwaukum grabens. In

 addition to exploration by Hecla Mining Co.

- at its Republic holdings (no. 20), and Echo
Bay Minerals Co. at their K-2 (no. 15) de-
posit, maintenance and exploration activi-
ties continued at the South Penn (no. 24),

- M%nhattan Mountain (no. 25), Washington -
Silver (no. 26), Ida (no. 27), and Republic
area state leases (no. 19), all properties in or

near the Republlc graben; at the Mathews
(no. 51) in the Chiwaukum graben at.
Agency Butte (no. 31) on the Colville Indian
Reservation; and at the Wind River deposit
(no. 58) in southwestern Washington. .
Copper Lakes (no. 21) was the only pro- )
ject/property reporting exploration for replacement/exhala-
. tive-type.mineralization in the Republic graben.

Several companies worked on deposits at the north end of -

the Republic graben in or near rocks of the Shasket Creek al-

. kalic complex. Owners/lessors were maintaining or attempting
to sell their properties in that area: the Morning Star (no. 11),
the Irish (no. 12), the Gold Mountain (no. 13), and the Lone
Star (no. 14) deposits. The nearby Lone Ranch property
‘(no. 10) is being explored as a gold-bearing, exhalative- type
deposit in sedimentary rocks. -

The Crystal (no. 28) and Molson gold (n0.-30)-were the
only properties reported to be active or maintained that have
potential ‘for skarn-type gold rmnerahzauon near the Crown
Jewel deposit. s

A subdued exploration program was carried out at the Par-
menter Creek (no. 33) and Strawberry Creek (no. 32) gold
prospects on the Colville Indian Reservation.

BASE METALS '

Resource Finance Inc. completed 1,500 ft of additional under-
ground drifting at the Pend Oreille mine (no. 1) near Metaline
Falls. The work will permit establishing additional drilling
‘stations to test the potential for minable zinc deposits from

zinc-rich ores of the ‘Yellowhead horizon’. The company will

decide whether or not to mine followmg completion of this
drilling.

The status of the Van Stone mine (no. 5) in northern
Stevens County was unclear following the acquisition of Equi-
nox Resources Ltd. by Hecla Mining Co..in 1993. The mine,
which had been producing zinc and lead concentrates in 1992
and early 1993, was not part of the acquisition, and it now is
owned by Pan American Minerals Corp. The ‘company is at-
tempting to sell the mine and mill.

Figure 6. In July 1994, Echo Bay Minerals Co. was preparing to go underground from the
highwall of the Key west pit near Republic. The rocks above the planned portal location are
being rock bolted for safety. Echo Bay mined the remaining réserve of 40, 000 tons in the
Key west deposit in 1994

In addition to exploration for Mississippi Valley-typel'min-
eralization-at Lead Hill (nos. 2,3) and at the Iroquois (no. 4),

. the Staghorn Mountain area (no. 6) was explored for base met-

als in rocks with potPntlal for sedimentary exhalative miner-
alization.

Volcanogenic massive sulﬁde (VMS) deposit exploratlon
decreased in 1994 following Rio Algom Exploration Inc.’s de-
cision to drop the Lockwood deposit (no. 53) lease. Although
it appears to be a large exhalative system, the complex nature
of the Lockwood deposit combined with sparse exposures in
the area made evaluation of the deposit difficult. More explo-
ration in the area could lead to discovery of additional depos-

its, which are relatively common in similar rocks in ‘British
. Columbia. :

Exploratory work on other potenual VMS-type deposnts in
Washington (nos. 36, 62) was limited to maintaining of prop-
erty. . - »
Some porphyry-type deposits, best known for their copper
and molybdenum resource potential, were explored for associ-
ated gold and silver mineralization in recent years. However,
in 1994, there was no reported activity on porphyry deposits
in Washington. The only known expenditures were payments
to maintain properties, including the Silver Star property

~ (no. 59) and the Kelsey deposit (no. 39).
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The Industrial Mineral Industry

of Washington in 1994

Charles W. Gulick ‘
Washington Division of Geology and Earth Resources
904 W. Riverside, Room 209, Spokane, WA 99201-1011

he U.S. Bureau of Mines estimates that the total value of

nonfuel mineral productlon (including gold, silver, zinc, .

lead, and the nonmetallics) rose approximately 9 percent over

the 1993 level, from $505 million to $556 million. Non-
metallic commodities, including magnesium metal derived
" from dolomite but excluding precious and base metals, ac-
counted for about 85 percent of the total value of nonfuel min-

eral production for Washington in 1994—3471 million. In de-
scending order of production value, the state had substantive
operations in sand and gravel, magnesium metal production,
crushed stone, portland and masonry cement, lime, diatomite,
silica sand, olivine, gemstones, clays, peat, dimension stone,
and gypsite during the past year. A comprehensive list of in-
dustrial mineral operations (excluding aggregate producers
unless they produced decorative stone or rockery) is presented
in Table 1, nos. 101-181 (p: 11-15) and Figs. 4A-D (p. 4-7).

- Washington’s industrial mineral industries experienced’
few changes during 1994. One new clay. operation is complet-’

ing the permitting process. Several companies changed owner-
ship, and several companies are conducting reviews of prop-

erty holdings. If commodity -economics are viable, new"

production activities in several nonmetallic commodities may
occur in the future.

Agg regates

Aggregates continue to be the preeminent industrial mmeral
commodity in terms of value, volume, and numbers of produc-
ers. Because there are so many producers, accurate production

statistics are difficult to derive. Private estimates of aggregate. _
production suggest that 1994 was somewhat flat and particu-

- larly so in the Pzcific Northwest and California. According to
a survey reported in Pit and Quarry magazine (Drake, 1994),

aggregate production throughout the west increased 5 percent
in 1994, In contrast, the U.S. Bureau of Mines estimated that
aggregate production in Washington increased about 12 per-
cent. Whether the increase was modest or substantial, much of
. the health of the crushed stone and sand and gravel industries
is tied to the Seattle economy, which has been stagnant. Light
commercial and residential construction is down as a result of
overbuilding, rising interest rates, and some antigrowth senti-
ment. Producers might see-a modest 1 percent increase in pro-
duction levels in 1995 if anticipated highway fundmg comes
through (Turley arid Prokopy, 1994).

~ "Efforts to permit significant new sources of round rock ag-
gregate (sand and gravel) were ongoing during 1994. A permit
for plant construction and a multi-party settlement agreement
on a barge loading facility have been secured for the Lone Star
Northwest project at Dupont on Puget Sound south of Tacoma.

This will replace Lone Star’s nearby Steilacoom pit, which
will be exhausted in 3 to 4 years. A final Environmental Im-
pact Statement (EIS) is being prepared for Manke Lumber
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| Co.’s Johns Prairie sand and gravel and bafge loading facility

project at Shelton in Mason County. Both these projects will
be capable of barge-borne transportation. Associated Sand and
Gravel continues efforts to replace dwindling reserves at Ev-
erett with a large deposit of both round rock and crushed stone
in an 825-acre site at Granite Falls northeast of Everett. The
final EIS has been prepared; however, traffic issues with the
city of Granite Falls have yet to be resolved. - -

Magnesuum

Magnesium metal produced from dolomite at Northwest Al-
loys Inc. plant at Addy (no. 112) was the second most valuable
nonfuel mineral commodity produced in Washington during
1994, second only to sand and gravel. Northwest’ Alloys

a subsidiary of the Aluminum Corp. of America (ALCOA), is
one of three U.S. companies that produced primary magne-

:sium metal last year. Washington’s plant is the only facility
“that produces the metal from dolomite using a thermal smelt-

ing process. Dow Chemical Co.’s plant in Freeport, Texas, and
the Magnesium Corp. of America’s (MAGCORP) plant at the
Great Salt Lake in Utah both extract magnesium, from sea
water and brines, respectively, using an electrolytic process.
Producers enjoyed a large increase in the free market price
of magnesiim metal, from $2,300/ton at the beginning of 1994
to $2,950 by mid-November. Much of this increase was due to
reduced availability after Dow shut down a large portion of
their plant; this voluntary move significantly reduced their ca-
pacity (by about 20,000 tons). Another 15,000+ tons of Chi-
nese, Russian, and Ukrainian metal became unavailable when
the U.S. Commerce Department imposed tariffs of as much as

'108.26 percent for prior ‘dumping’ practices (selling metal be-

low cost). As a result, Northwest Alloys.was able to sell their
entire production capacity of about 35,000 tons and may look
to restarting a sixth furnace of the nine available. By address-
ing costs and improving efficiencies, Northwest Alloys was -
able to achieve the same output with five furnaces running in
1994 as it was able to produce with all nine in operation during
1991

Carbonates

Western Washington continued to receive imported raw lime-
stone for production of portland cement and lime from three
sources on Texada Island, BC. Production of raw carbonates
in Washington was virtually unchanged. A few western Wash-

ington quarries (nos. 135, 136, 152) produced mainly large

limestone boulders for rockery, jetty stone, flood control, etc.
In eastern Washington, dolomite was produced for.agricul-

_ tural products, terrazzo, exposed aggregate, metallurgical
- flux, and filler (nos. 107, 110, 113,118, 124, 125). Nanome

Aggregates (no. 108) reported that sales were off about 7 per-

cent, much of which could be attributed to the loss of jobs
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"where large amounts of exposed aggregates are used, typncally
. construction of new federal buildings. Production was in full
swing at Columbia River Carbonates quarry near- Wauconda

) (no 121), and their rock- loadmg facility at the Janis railroad.

. siding, south of Tonasket, was significantly upgraded.

Olivine

-UNIMIN, a Belgian company with U.S. headquarters in New
Canaan, CT, purchased AIMCOR'’s olivine refractory prod- .

ucts plant at Hamilton (no. 140) in April of 1994. UNIMIN
continues to purchase crushed dunite from Olivine Corp. (no.
139); from it they mill a variety of casting sands and other
refractory products.

Olivine Corp. continues to capitalize on its pioneering
work in the construction of olivine-lined wood-waste incinera-
tors. Installations of these burners throughout the international
lumber-manufacturing community now include 20 units in

~ Australia, 20 in Malaysia, 2 in the Philippines (both designed
to;burn municipal waste), 1 in Chile, and during 1994, the first
.in South Africa. The heat-resistant panels that line these units

- are composed of olivine aggregates in_high-temperature ce-
fnent; this allows the burners to reduce sawdust at high tem-
peratures for cleaner burning. Improved air-quality standards
in many parts of the world have necessitated replacement of
steel teepee burners, which operate at cooler temperatures. in
an attempt to reduce the attrition of the steel.

Washington and North Carolina are the only olivine-pro-
ducing states in the nation. Unlike the east coast markets
'served by the North Carolina olivine, the western markets for
Washington olivine have not experienced encroachment by
1rnports of Norwegian olivine.

Clays
Clay production in Washington was primarily used in brick,

tile, and portland cement production (nos. 103, 104, 144, 158, .

160, 169, 171, 178). A new specialty clay may enter produc-

tion during 1995. Final permits are being secured by Basic Re- '

sources Corp. of Ephrata to open a clay pit in Douglas County
from which they will produce a calcium bentonite clay. The
operation, known as the Volcanic mine (no. 126), is approxi-
mately 3 mi east of Moses Coulee in the Columbia Basin. In-
itially, Basic Resources will be serving absorbent and water-
sealing markets and may furnish a low-cost binder used to
pelletize hay. They are ideally located to fill a potential need
for large amounts of clay to line and seal irrigation canals,
many of which leak. Calcium bentonite does not swell, in con-
trast to the more common sodium bentonites used in drilling
muds. The ion-exchange capacity of the calcium bentonites,
wherein calcium is the major exchangeable cation, can pro-
mote their use in a variety of specialized applications.

-Basic Resources is amending their reclamation plan to en-
hance habitat for the pygmy rabbit, a threatened species in
Washington. This burrower species cannot currently penetrate
the caliche layers associated with the clay section. The re-
claimed land and revegetanon scheme may provide new habi-
tat for the rabbit.

Decoraiive and Dimensional Stone

The decorative stone industry in Washington continues to di-
versify and once again has the capablhty to produce dimension

Flgure 1. Sean Marley cutting a block of Tenino sandstone from the

" Hercules quarry near Tenino {no. 172). This 9-ft-diameter saw at the

Marenakos Stone Center in Issaquah is the largest stone saw in Wash-
Ington and Oregon. The sandstone has ‘buff’ and ‘blue’ color variants.
This block is upside down relative to its original stratigraphic orienta-
tion. (Photo by David Knoblach, Marenakos Stone Center.)

stone (Fig. 1). Architectural replacement work is generating

much of the initial demand for dimension stone, typically .

pieces of Wilkeson or Tenino sandstone, from which many

grand-old buildings were constructed. Sandstone accounts for

only 3 percent of the domestic dimension stone output, which
is dominated by granite and limestone, but it was a significant

component of Washington’s historic production. Approxi- .

mately two-thirds of the dimension stone used in the United
States is imported from Italy, Spain, Canada, Taiwan, India,
Turkey, Norway, Brazil, and elsewhere. Much of this finished
stone is produced at a fraction of our labor costs.

. Washington rough stone production of andesite, basalt,
granite, sandstone, limestone, quartzite, argillite, and marble

was marketed in a variety of ashlar, rubble, flagstone, field- ~

stone, crushed stone, landscape, and rockery products
throughout the state. Washington’s rough stone suppliers have
now begun to receive imported, palletized rough stone from
China and elsewhere. Many domestic producers are attempt-
ing to have tariffs placed on imported rough and dimension
stone; tariffs now range from 0 to 7.5 percent. '

—

" Barite

Mountain Minerals Co. Ltd. sought to augment their barite
production in British Columbia with additional materials dur-
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ing 1994. They evaluated several Washington barite proper-
ties, including one in southern Stevens County (no. 106).
Trader Resources, a subsidiary of Royal Oak Mines, pur-
chased Mountain Minerals during 1994, and a thorough evalu-
ation of all their barite property holdings is ongoing. One of

- these, the Flagstaff Mountain deposit (no. 1 16) is being exam-
ined as a strong candidate for reactrvatron

Talc

A review of talc deposrts throughout the Northwest has been
- undertaken by Pacific Talc Inc. of Kirkland, including exami-
nations of some Washington deposits. The company, primarily
brokers of mineral fillers, is negotiating with western U.S.
filler producers to supply kaolin and talc, and they may add an
in-house processing capacity for talc.
A deposit of soapstone that is suitable for sculpture is be-
ing developed west of Lake Wenatchee (no. 132). Carving-
- grade material has been obtained in this general area for many
years by individuals who cut the alpine talus blocks to man-
ageable dimensions with chain saws.
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' The Nature of the Northwest

Information Center in Portland
Offers Many Resources

The Nature of the Northwest Information Center can pro- .
vide numerous books, maps, brochures, and other publi-
cations about natural, cultural, and outdoor recreational
resources in Oregon and Washington.

The center offers all available publlcatlons of the Ore-
gon Department of Geology and Mineral Industries, a
complete selection of USGS topographic maps, all USDA
Forest Service maps for Oregon .and Washington, se-

-lected publications from the Washington Division of Geol-

ogy and Earth Resources, Oregon Department of For-
estry maps, BLM maps for Oregon, Oregon Department of
Water Resources drainage basin maps, and some com-
mercial hiking maps.

The center, managed by Don Hames is operated

. jointly by the Oregon Department of Geology and Mineral

Industries and the USDA Forest Service. The partnership-
results in convenient, one-stop-shopping for customers.
The center is near Interstate Highways 5 and 84 and
the 7th Avenue stop of MAX; it is three blocks east of the
Convention Center and three biocks south of the Lloyd
Center. The staff can respond to mail, tax, and phone in-

. quiries. Hours are 8:00 am~5:00 pm on weekdays. The
~address is 800 NE Oregon Street, # 5, Portland, OR

97232-2162; phone 503-872-2750, fax 503-731-4066.

'Mining, Exploration, and the Environment ‘95

Pacific Northwest Mining and Metals Conference
May 1-7, 1995
Hyatt Regency Hotel, Bellevue, Washmgton

Welcoming Reception,. May 2

Technical Sessions, May 3-5

Exploration and the environment

Extractive metaliurgy

Diamonds—Deposits and exploranon,

Exploration geochemistry :

Acid mine drajnage

Mechanical mining

Exotic minerals and new technologles

New mstrumental geochemical -

, techniques

" Environmental geochemistry

Superfund and the mining industry

Exploration strategies for the years
ahead

International focus—Indonesia

Mine waste remediation

Permitting—A global perspective

International focus—Russia and the
Far East

Heap leach pad and tailings pond design

International focus—South America
New dlscovenes—Case histories
Regional abandoned mine lands -

Field Trips, May 1-2 and 5-7
Upper Snoqualmie ground-water basin

. Geologic hazards in the Seattle area
- Geology and ore deposits of the Tertiary

Cascade Range, southern
Washington
Industrial minerals in the cement
" industry

" Quartz Creek plutons and copper

mineralization, Snoqualmie
batholith, Cascade Range
Washmgton

‘Short Courses, May 1-2

Diamond exploration—New lithogeo-

chemical exploration techniques =
Alkalic mineral systems
Bioremediation -
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Presented b the North Pacific Section
of the Society for Mining, Metallurgy,
and Exploration (SME-AIME) and the
Association of Exploration Geochem—
ists (AEG)

Registration is $95 for SME-AIME and

AEG members and $210 for nonmem-
bers. There will be an additional late
charge after Aprxl 7.

* The Bellevue Hyatt Regency (900
- Bellevue Way NE, Bellevue, WA

98004) has set aside a block of rooms
for the convention. The special rates are.
$92 (single) and $102 (double). Reser-
vations can be made by calling the hotel
at 206-462-1234. .

For more information, write to Mining,
Exploration, and the Environment 95,
c/o GeoConstrux, 6401 106th Ave NE
Krrkland WA 98033.




A Brief History of the Ca“nnon Mi'ne,

_-Robert E. Derkey

Washington Division of Geology and Earth Resources
904 W. Riverside, Room 209

"Spakane, WA 99201-1011

The Cannon mine (Fig. 1) has been the central focus of min-
ing in the Wenatchee gold belt (Gill, 1994). Its history be-
gan in 1885 when a prospector named V. Carkeek staked two
claims, less than a mile south of the area later occupied by the
_Cannon mine on exposures.over what became known as the
‘D’ reef. Carkeek’s discovery became known by various mine
names (Gold King, Golden King, Wenatchee, Squillchuck),
and prior to 1949, there was sporadic production—240 tons
worth $1,600 in 1894; 170 tons in.1910; 20,000 tons in 1938-
-1939; and 6,216 tons from 1944-1946 (Huntting, 1956). Total
recorded production prior to 1949 is more than 26,600 tons of
ore of unknown grade or gold recovery.
*.  In 1949, the Lovitt Mining Co. gained control of the prop-
- erty and developed the first successful operation in the area,
the Lovitt or L-D mine. From 1949 until 1967, Lovitt mined
1,036,572 tons of ore and recovered 410,482 oz of gold and
625,849 oz of silver.

. Asamera Minerals (U.S.) Inc. and Goldbelt Mines, Inc., en-
tered into a joint venture agreement in 1981 to explore the
‘property. (Breakwater Resources Ltd. gained control of Gold-
belt-in 1982.) Cannon mine development and mill construction
began in 1984, and operations commenced in July of 1985.
Between 1985 and 1994, the Cannon mine produced 1,249,241
oz of gold and 2,075,512 oz of silver (based on estimated re-
covery during final cleanup of 3,000 oz of gold and 4,000 oz
of silver) from a total of 4,133,101 dry tonnes of ore (Table 1).
Final production figures will not be available until smelter re-
turns have been received, probably by May 1995.

The Lovitt (L-D) mine and Cannon mine together pro-'
duced 1,661,723 oz of .gold and 2,704,361 oz of silver. If ore

Table 1.. Produs’tion summary of the Cannon mine, 1985-1994. (Pro-
duction figures through 1993 from Cameron, 1994; 1994 productlon fig-
ures furnished by Asamera Minerals (U S.)Inc.)

; Dry Gold Silver -
Year tonnes shipped . ~ shipped
‘ milled (oz) (0z)

1985 136,539 26,481 37,637
1986 414,695 123,651 189,839
1987 450,694 138,881 195,054
1988 484,653 151,633 263,027
1989 . 482,089 - 150,421 _ 302,730
1990 480,318 149,327 252,120
1991 488,763 T 147,697 . 235,822
1992 449,138 127,303 -~ 205,546
1993 " 352,751 105,477 176,240
1994 - 393,461 . 125,370 - 213,497
1995 o * - 3,000 : 4,000
Totals . 4,133,101 1,249,241 2,075, 512

* No production Is expected in 1995; however, gold and silver wiil be
recovered during dismantling and cleanup of the mill,

Spokane ¢

kWenatcheo
CANNON MINE

Figure 1. Location of the Cannon mine.

grades similar to those of the Lovitt and Cannon mines, 0.30
oz per ton gold and 0.60 oz per ton silver, are used for pre-
1949 production, an additional 8,000 oz of gold and 16,000 0z ~

.of silver can be attributed to these deposits. .

Flgure 2. Headframe for the Cannon mine. Most of the ore came to
surface in two skips that were attached to a 1.25-in.-thick woven steel
cable and raised and lowered by an electric motor. :
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In terms of its annual production,
the Cannon mine was one of the largest
underground gold mines in the U.S. It
included more than 6 mi of underground
tunnels and reached a depth of about
1,100 ft below the surface—or nearly to
sea level. Most of the ore from the
Asamera—-Breakwater joint venture was
brought to the surface from a single
shaft (Fig. 2), which was 850 ft deep,
concrete lined, and 18 ft in diameter.

Ore was hoisted by two 7-ton-capacity’

buckets (called skips) using a 500-
horsepower electric motor.

Once at the surface (Fig. 3), ore was
crushed and sent to an ore bin prior to
delivery to a rod mill (Fig. 4). A ball
mill finished grinding the ore to the con-
sistency of face powder. The finely
ground material was then sent to flota-
tion cells (Fig. 5) where the gold-bear-
ing minerals were coated with potas-
sium amyl xanthate in water; causing
them to float (Fig. 6) when vigorously
agitated. The gold- and silver-bearing
concentrate was then dried (Fig. 7) and
shipped to various smelters in the U.S.
or Japan, where the gold was recovered.
Each ton of concentrate contained about

6 oz each of gold and silver. No cyanide

was used in producing the gold orsilver:
Now that the mine‘is closed, the mill
(Figs. 2—-4) is being dismantled and sent

to Snow Lake, Manitoba, where it will .
be reassembled for a milling operation. -

Exploration continues along the
Wenatchee gold belt for additional ore
bodies like that at the Cannon mine. The
belt is known to extend for at least 9.5
mi (Gill, 1994). However, the minerali-
zation is deep, and exploration is there-
fore costly. by
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Figure 3. Overview of Cannon mine miiling operation. The headframe is in the center of this
view. Once the ore reached the surface, it was crushed and moved by belts (center to right center)
to an ore storage bin (lower right).

Figure 5. Ground ore was sent to ﬂotatxon cells (left) where the ore minerals were separated
trom the waste rock.
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- The description of the mine operation is summarized from fact
sheets (Cannon mine fact sheet, 1 p.; Welcome to the Cannon
. mine tour, 1 p.; and Exploration and history of the Wenatchee dis-
" trict, 3 p.) provided by Cannon mine staff and supplemented by
" other source materials.

- Figure 6. An organic chemical was added to the mixture of finely
¥ ground ore and water; the chemical coated the ore minerals. After vig- -
« orous agitation, these minerals floated in a kirid of froth and were swept
t  off to produce thg ore concentrate. '

e .

Figure 7. The dried concentrated ore minerals 'plled in this view were
shipped to a smelter where the gold and silver were recovered. Each

ton of concentrate contained §-7 oz gold and 5-7 oz silver (Cannon

mine staff).

Republic Field Seminar

Wes Wehr, whose articles about plants and insects of the
Eocene deposits at Republic have appeared in Washington
Geology, is conducting a field seminar about these fossils
August 31-September 3 in Republic. Enroliment is limited.
For mformatlon call Wes at.206-543- 0495

Northwest Paleontological

‘Association

The Northwest Paleontological Association has scheduled
its 1994 meetings on the second Saturday of May, July,
September, and November at 1:00 pm in the Burke Room
of Burke Museum on the University of Washington campus. .
Most meetings feature a presentation by a paleontologist,
and members and guests commonly get behind-the-scenes
tours of the museum. For more information about the asso-

‘ciation, call Bill Smith, 360-697-1859.

Burke Museum Field Trips

A fossil- collectmg trup to the Cowlitz Formatlon led by
Liz Nesbitt is planned for Saturday, June 3. You will get to

‘bring home your own 40-million-year-old clams and snails

from two collecting stops in the Longview area.
A geological. tour across the Cascades will be led by

-Tony Irving on Saturday, June 24. it will make several

stops between Cle Elum and and Vantage to examine the
results of past volcanic actlwty—from dramatic basalt col-
umns to a petrified forest.

Tour leaders are UW geologists who have taught couises
and led field trips for UW Continuing Education. Cost is $40
for members and $50 for nonmembers.-Both trips will run
from 8:00 am-6:00 pm. Bring your own sack lunch; trans-
portation will be provided. For more information and to reg-
ister, call 206-543-4491. : :

e

Information for Mineral Cb}lectors

For Washington residents interested in ‘rockhounding’, the
organizations listed here can prowde mformatlon about lo-
cal gem and mineral clubs.

Washington State Mineral Council
Bob-O’Brien, President

605 Virginia Street
Sedro-Woolley, WA 98284

Friends of Mineralogy, Inc.
Pacific Northwest Chapter
John Cornish, President
40 Cedar Glen Lane

Port Angeles, WA 98362

Northwest Micro Mineral Study Group
Donald G. Howard, President  °
356 SE 44th Ave

Portland, OR 97215

Northwest Federation of Mineralogical Societies
Bill Smith, President C—

13332 Ridgelane Drive

Silverdale, WA 98383

In -addition, your loca! library may have copies of Lapidary

Joumal. Rock clubs were listed in the April 1994 issue."
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History of the Metaline Mining District and the

Pend Oreille Mine, Pend Oreille County, Washington

ﬁaymond Lasmanis, State Geologist
Washington Division of Geology and Earth Resources
PO Box 47007, Olympia, WA 98504-7007

HISTORY

' The Metaline mining district is one of the oldest in the state,
predating statehood. In his first annual report (for 1890), State
- Geologist George A. Bethune described the Metaline district
* as containing an “immense amount of metal...certainly des-
- tined to rank as a leading mineral producer.” He mentions the
high-grade galena ore found in the “lime formation™ at the
Bonnie Blue Belle mine (Bethune, 1891).

A
~ Pend Oreilie Mine ) _
Development of the Metaline district can be traced to two

Danes—Lewis P. Larsen and Jens Jensen. During 1904, they _

began prospecting the area around Metaline Falls-and initiated
development of the Lehigh Cement Co. plant and quarries.
They followed this with openmg several lead-zinc showings
(Fig. 1).

By 1906, minor productlon was recorded, and the Pend
Oreille Mines & Metals Co. was formed, with Larsen as presi-
dent and Jensen as secretary-treasurer. By 1917, mining and
‘milling of ore was under way in earnest at the Josephine mine
" (Fig. 2). Charles A. R. Lambly joined the company as general

manager of Metaline Falls operations.

~ The company operated the Josephine mine and the Pend
Oreille mine from 1917 until 1974, when Bunker Hill Co. ac-
-quired the operations. Mining giants Larsen and Jensen had
spent a lifetime keeping mining going at Metaline Falls. In
later years, Wray D. Farmin, a former director, assumed the

presidency of Pend Oreille Mines & Metals Co. Other well- .

known directors were H. T. Davenport, J. H. McFadyen G. A.
Pehrson, and A, W. Witherspoon.

T v
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Figure 1. Location of historic and current mines in the area of the
- Pend Oreitle mine in northeastern Washington. :

The lead-zitic ores of the Metaline
district are of low grade and contain
only minor amounts of silver. Contin-
ued expansion of mining and milling
operations must be attributed to the pro-
motional skills of Larsen and the use of
trackless mining methods (Fig. 3). In an
interview for Mining Truth on March 1,
1928, Larsen was quoted as saying:
“Diamond drilling results were such as
to justify them in the belief that they
were developing a lead-zinc area that
- will yield a tonnage comparable to that
of the Sullivan mine of the Consoli-
dated Company of Kimberly, B.C.” A
souvenir of an October 13, 1928, North-
west Mining Association excursion to .
Metaline Falls reads: “Put Metaline on
the map — 10,000 tons a day -or bust —
‘now watch her go” (Zeigler, 1948).
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During World War II (WWII), critical metal shortages
. brought the U.S. Bureau of Mines to the area to prove up -
reserves. In 2 years the Bureau completed more than 1.25
- million ft of drilling, greatly increasing the reserves. By
_ 1942, indicated reserves totaled 9 million tons of about 5-7
percent combined lead zmc ore (Fulkerson and Kingston,
1958).

The Bunker-Hill Co. operated the Pend Oreille mine
and the 2,400 tons per day (t.p.d.) mill until September of
1977 (Fig. 4). Mine closure came about as a result of a
strike in June of that year at the electrolytlc plant adjacent
to Bunker’s smelter in Idaho. Ownership of the Pend
Oreille mine and mill then went to Pintlar Corp., a wholly.
owned subsidiary of Gulf Resources & Chemical Corp.

In 1988, Pintlar optioned the property to Resource Fi-
nance Corp. (RFC). Since then, with financing from Metall
Mining Corp., RFC has completed an extensive develop-
ment program—dewatering the mine, drilling, under-
ground drifting, as well as engineering and feasibility stud-
§es. In August 1994, the company gave mining reserves in
the Yellowhead zone at 3.5 million tons grading 9.1 per-
, cent zinc and 1.3 percent lead. Additional drilling and the
“driving of a 2,900-ft decline were under way in January of
1995. -Development of the Pend Oreille mine is under the

Flgure 3. Trackless mining with a loader and 12-ton truck in the Pend -
Oreille mine. Photo by Libby & Son, courtesy of Pend Oreille Mines & Met- -
als Co.,, 1969. '

direction of the mine manager, Loui Forget.

Grandview and Bella May (Metaline) Mines .

During the second decade of this century, other properties -

in the district were brought into production on a modest scale.

At the Oriole mine, a small mill was erected in 1918, but it did

" not operate for long. In 1919, a 25-ton concentrator was built

" at the Bella May mine (Fig. 5). At the Wolf Creek mine,

" George Gage designed and built a smelter, but it failed to op-
erate (Fig. 6). At the Grandview mine, a 250-t.p.d. mill, con-
structed by Grandview Mines, Inc., operated from 1928 to
1930, milling 15,000 tons of ore. At that time, vice pres1dent
of Grandview was T. S. Lane, and sec-

tions, metals needs of WWII provided the impetus to develop
the Grandview and-Bella May mines.

Development at the Bella May was 1mpresswe—-dnvmg of
a 4,800-ft access adit to ihe Belia May, Blue Bucket, and West
Contact ore bodies. The mine became known as the Metaline
mine when the adit was used to produce ore for the Grandview -
mill from all three bodies. The Metaline mine last produced in

- 1950, and the Grandview mine and mill shut down on Septem-

ber 5, 1964.

retary-treasurer was James S. Ramage,
both of Spokane.

.Howard I. Young of American Zinc,
Lead & Smeljting Co. of St. Louis soon
recognized &n opportunity to expand
mining operations into Washington
state. Durimrg 1935, the Bella May prop-
. erties (owned by Riverview Mining
Co., A. H. Kroll, president) were sold to
Metaline Mining & Leasing Co., while
American Zinc leased the Grandview -
mine and mill. Arrangements were .
made to have American Zinc, in ex-
change for stock, provide the financing
for Metaline Mining to develop the
Bella May and process the ore in the 'ex-
panded Grandview mill. Officers of
Metaline Mining & Leasing Co. were
H.I. Young, president, D. I. Hayes, vice
president, and W. N. Payne, secretary-
treasurer. In charge of mine develop-
ment and mill expansion for American
Zinc was R. E. Calhoun of Metaline
Falls. As with the Pend Oreille opera-’

Figure 4. Pend Oreille mill, November-1983.
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Table 1. Metaline District, Washlngton{ mine produc- Table 3. Production from the Pend Oreille (Josephine) mine, Washington

The first published paper to describe the ore genesis of the
district was by Bancroft (1914). He attributed the lead-zinc
ores to hot siliceous solutions emanating from granite and
noted that the ores resemble those of Joplin, Missouri. This
genetic model was repeated by Jenkins! (1924) and by Eby
(1928), who further postulated that the intrusive bodies under-
lay the district. The word ‘jasperoid’ was seen in the literature
for both Metaline and Joplin ores. Structural complexity of the
district was also being recognlzed (Fig. 7).

In 1930, Oscar H. Hershey presented two key elements of

ore control that are still valid. Hershey recognized that the -

Josephine breccia ores were related to the contact with the

! O1at P. Jenkins was on the stati of the Washington Division of Geblogy

in the 1920s and served as California State Geologist from. 1947 to
1958.
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tion, 1906~-1977
- - Ore Gold Silver | Copper Lead Zinc
Ore Lead Zinc
. ; » Y t 1b 1b 1b
Mine (tons) . (toms) (tons) ear ¢ -on‘s) . (oz) (0z) (b ) {b)
Pend Oreille | 14,796,305 | 166,985 | 345,761 1917 14.953 i 36,876 1,171,296
Grandview 3,995,745 46,179 120,411 1918, 55 1,202 38,873 °
Metaline 431,480 5,173 18,472 1925 25 48 24,585
Others 53,271 582 " 840 1926 17 22 14,730
TOTAL 19276801 | 218919 | 485484 | | 1027 325771 6 2,134 | 1,075 37,788 868,018
Table 2. Metaline District._Wéshington,'avérage }929 320 8 . L172 436 ‘6'519 47,234
grade of ore produced _ 1930 ..6,000 870 240 407,650 665,280
Mine Lead (%) Zinc (%) 1931 . 80,968 4,595 | 2,670 2,514,977 9,947,495
‘| Pend Oreille 1.13 234 1932 33,423 2,589 | 3,360 1,349,713 | 4,489,334
-|Grandview' 1.16 - ~3.01 '
- - 1933 48,479 3,260 5,062 1,443,783 6,738,169
Megline 120 428 1934 28,3 E 473,649 3,852,419
- ,322 , s X 852,419
Others 1.09 1.58 1,151 2575 :
District Average | 114 2.52 1936 76,060 3,317 6,011 1,540,847 8,777,220
o < 1937 98.500 10,081 5,137,858 7,462,200
- 1938 214,120 14,584 7,413,000 18,598,000
PRODUCTION - . , .
: 1939 241,624 11,603 6,472,000 18,555,558
Production for the Metaline district from 1906
s N f 1940 232, , 4,152,700 ° 8,792,
to 1977 is given in Table 1. The Pend Oreille ; o87 8.587 ! 18,792,000
mine was by far the largest producer. The aver- | 1941 219,835 7,948 3,731,449 15,958,000
age grade of the 19.3 million tons of ore mined 1942 234,215 9,622 15,091,141 14.508;700
in the district w nt le d2.2 ‘
o he district was 1.14 perce ad an 2 3 1943 "183,042 3,848 © 4,524,200 9,815,000
percent zinc (Table 2). ‘ -
Annual Pend Oreille mine productlon is 1944 157,638 7,172 4,070,593 7,959,000 -
given in Table 3. Increased production rates be- ~ | 1945 | - 119,696 4,400 *2,425,000 5,445,000
- zinning in 1938 reflect the needs of WWII and 100 : 123106 3.0%0 - 1296200 6252.700
the Korean and Viet Nam conflicts. X o ’ i -
~ By-products were copper, silver, cadmium, 1947 116,695 4,733 4.300 3,235,000 6,270,000
and traces Of gOld. Silver is carried in the galena 1948 133,755 . 1,377 5,825,500 5,462,188
concentrate (2.3 oz per ton), and the sphalerite 1549 " Ise.95s 5365 o4 & 547,000 5438950
concentrate assays 0.2 percent cadmium. Cop- ’ _ g 475 i it
per, in the form of chalcopyrite and tetrahe- 1950 186,197 9,001 15,347 6,126,500 8,774,470
drite, seems to report with the sphalerite con- | 95, 273,580 | 30 | 16,041 | 13,721 5,937,458 | 12,402,138
centrate. Geochemical analyses of pyrite -
concentrate mdxcate the presence of minor B .
amounts of tennmtxte (Bending, 1983) overlying black shale (later. nameq the Ledbetter Slate) and
that there was a deeper ore zone, which had been penetrated by
. two deep drill holes. He called the lower pyritic zinc deposit
ORE GENES1S the ‘Wafs’hington horizon’. This lower ore gzne is now krf’owh
AND CONTROL '

“as the Yellowhead and was first described in detail by Morton

. (1974). Hershey did not discuss ore genesis, but he noted that

‘the Metaline ores were similar to lead deposits in the Flat
River district of southeast Missouri.

The concept that the Metaline ores were formed by replace-
ment of limestone by hot solutions from granite persisted
~through 1965. Bell (1934) noted that the Josephine breccia
ores (of granitic origin) were cut by later mineralization,

: which was concentrated by ground water—a new idea.

Hougland (1936) ‘produced the first geologic map of the dis-
- trict, but he still attributed the ore to ascending thermal waters
“of igneous origin.

Park and Cannon (1943) and Dings an?Whltebread (1965)
state that the ores are genetically related to the Kaniksu batho-
lith. Their papers prov:de a detailed physical descnpnon of the
ore bodies and mineralogy. The term- ‘zebra rock’ is used to
describe a type of banded ore that Dings and Whitebread




lead-zinc ores were precipitated syngenetically

at the time eef growth 'and that
] Ore Gold Silver Copper Lead Zinc cd lat tOf rf % filli . Olnlyfhc
‘Year (tons) (02) (02) (i) (ib) ‘ab) coarse late-stage fracture-filling mineralization
- . : , is epigenetic, derived from a deeper hydrother-
1952 336,205 22 20,882 | 24220 9,721,198 _ 15,604,647 .mal source or remobilized from earlier miner-
1953 500,042 | . 17 23,719 34,056 11,400,566 21,715,290 ahzatlon
1954 482,055 3 19,000 | 8200 |- 14,946,000 |. 12,890,600 Anderson also r°°°gmz°d the significance
- of facies changes, pyrobitumen, and the Yel--
1955 503,391 9 22,752 | 33,700 13,372,500 15,101,500 lowhead zone, located 300 m below the
1956 587,891 24,206 30,200 15,884,400 14,689,200 Josephine breccia ore zone. McConnel and An- -
1957 | 757,197 30973 | 47,000 | 17,891,800 | 21983400 | - 9erson (1968) further expandéd on their con-
— - cept of the contemporaneous sedimentary-
1958 607,695 26,363 | 32,000 | 11,847,300 | 23,176,400 diagenetic origin of the zinc-rich jasperoid ores
1959 619,779 30,152 | 42,000 15,359,300 | 20,725,200 of the Josephine deposit, and in the same vol-
1960 | 727,759 16611 | 46800 | 15512000 | 28248200 | Ume, Cox (1968) stated that the deposits were
i - : — indeed MVT. Additional papers describing the
1961 742,934 38,425 | 54,200 12,751,800 25,538,200 |  Metaline and other deposits of the Kootenay arc
1962 619,946 24,994 | 53,000 9,327,200 | - 30,273,600 as MVT were presented by Ohle and Addie dur- .
963 | - 651,992 28257 | 51,900 | 9,800,300 | 32,002,700 ing the 1970 Society of Economic Geologists
' : Northwest Field Conference.
1964 697,113 27,096 | 50,200 8,660,700 32,530,400 Morton (1974) gave the first detailed de-
1 1965 640,604 23,689 | 44,000 8,822,000 26,402,000 “scription of the Yellowhead ore zone. He as-
1966 594,654 21,478 | 38,000 7,846,000 23,818,000 crfbed the ongin of the PY"“".‘“ch ZInc miner-
alization to either commingling of ascending
1967 292,628 9,831 20,000 3,576,000 10,838,000 metalliferous connate brines with oxygenated
1968 197,826 4 15,061 14,100 9,888,100 9,280,900 meteoric water in karst solution breccias, or di-
: : ' - g rect wnw -
1969 215,702 16,971 11,200 15,187,300 8,529,900 precipitation of ore from downward perco
- lating meteoric water. :
1970 © 223,729 34 13,671 | 10,700 9,532,600 9,056,500 - Bending (1983) detailed ore gene51s on the
1971 252,492 | 105 12,358 | 20,400 | 10,302,300 |- 11,548,500 basis of geochemistry, fluid inclusion studies,
o7 17383 I sssi | 14006 s 131992 ‘ 12.965.197 microthermometry, and cathodoluniinesence.
: : : - ’ il it Bending stated that mineralizing solutions
1973 212,289 6,662 | 11,155 4,422,314 12,751,366 originated from basinal brines and that both
1974 232,895 | 3774 | Na» 2,594,816 - | 13,597,818 Josephine-type and Yellowhead-type minerali-
1975 306,184 30 .9 437 17,553 3 67.9 432 20,240,607 zation formed at between 95°C and 135°C. The
o> . - ; : v hinikd Josephine deposit is cut by later fracture-con-
1976. 380,581 | . 33 11,343 | 21,247 4,074,841 25,584,982 trolled mineralization consisting of quartz with
19772] 153,595 | 11 5289 | 9773 | 2399617 | 11,139,330 | Sulfides and silver and copper contents higher
i = p . o than those of earlier formed veins. Formation of
. Tota 14.79 .305 312 6 6,512 . 810,882 3 1970'215 ) 69].521.479 this later Stage was at 2000—'2600(:. Bending be-

R ,
! Includes 9,537 tons of old tallings *NA = not available

2 Mine closed by strike at Bunker Hill electrolytic plant, June 1, 1977

(1965) attributed to hydrothermal activity, but district mine
geologists ascribed ‘zebra rock” textures to algal/stromatolitic
origin (James L. Browne, written commun., 1995). Like Bell
(1934), the mine geologists attribute late-stage sphalerite to
supergene action. However, they do not mention the Yellow-
head ore. '

From 1914 through 1965-all writers compared the Metaline
ores to those of Joplin- (Missouri), southeast Missouri, and
Silesia (most of which is now included in Poland) and still
assign ore origin to hydrothermal solutions. In Mississippi
Valley-type (MVT) analogue deposits, however, mtrusxves are
not associated with ore formation.

In a series of papers from 1967 to 1970, R. A. Anderson
and G. G. Addie of the Pend Oreille’ Mines & Metals Co. re-
jected the granite-source hypothesis and stated that these de-
posits are MVT deposits and have the same genesis. In an un-
published paper, Anderson (1967) speculated that Josephine

lieved that the metals for the late stage were ex-

pelled from overlying and lateral shale units.

He concluded that the Metaline deposits are

comparable to MVT deposits and that Jurassic

and Cretaceous igneous events in the region post-date the for-
matlon of the deposits.

Great strides have been made in recent years in unscram-

" bling the depositional and stratigraphic setting of the Metaline

Formation, host of the ore bodies. Results were reported by
Bush and others (1992). Recent drilling has demonstrated that
the three units Dings and Whitebread (1965) used to describe
the Metaline Formation are no longer valid. The 1992 studies
- showed that the Cambrian-Ordovician Metaline Formation
was deposited on a steepened ramp adjacent to a basin and that

. the Josephine breccia should be considered a lithofacies. Syn-

depositional faultmg influenced the stratigraphic relations of
facies in the Metaline Formation. -
Morton. (1992) elaborated on ore genesis in light of the

' stratigraphic framework. He reconfirmed that the Josephine

and Yellowhead ores are syngenetic and had a common low-
temperature source—metalliferous brines expelled from adja-
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cent basins. Morton differed with Bend-
ing in suggesting that the late-stage
veins resulted from an influx of high-
temperature fluids from a deep igneous
source or represent remobilization of

earlier sulfides and quartz. Morton also.

suggested that, because of syndeposi-
tional faulting, late-stage mineraliza-
tion has some affinities with Irish-type
base-metal deposits.

SUMMARY

The Metaline District demonstrates a
century of progress in mining methods

. and metallurgy and understanding of
stratigraphy and ore genesis. The 19.3
million tons of ore that was mined and
processed are a tribute to the ingenuity
and perseverance of mining glants from
thie Pacific Northwest.
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Mor-eA about Museum Displays

_ Readers have offered additional mformatlor' about the follow-
ing mineral, fossil, and mining drsplays

B The museum at Holden Village, northwest side of Lake.
Chelan, has a large collection of photos, mineral’
specimens, and artifacts of the mining operations.

The museum is open without charge.

M The Whitman College Geology Department in Walla
Walla exhibits also include imagery of the United States
from space, a display about the 1980 eruption of Mount
St. Helens, and a seismic station. The large nautiloid and
echinodermiwith spines are no longer on display.

B The Lewis County Historical Museum, at the Old
Railroad Depot at 599 NW Front Way in Chehalis, has
an exhibit of the Mount St. Helens eruption that
includes: ash from five localities and some pumice
samples; 48 specimens of concretions, petrified wood,
fossils, and minerals; and historic pictures of the local
coal industry. A video of Mount St. Helens is also part of
the museum collection. The museum is open Tuesday
through Saturday, 9:00 am-5:00 pm, Sunday, 1:00-5:00
pm; closed holidays. Admission is $2 for adults. For
more information, call 360-748-0831.

M Visitors to Portland might like to visit the Oregon
Museum of Science and Industry (OMSI), 1945 SE Water
Ave. The large earth-science hall features before-and- -
after topographic models of Mount St. Helens showing
areas of devastation; topographic models of the 1980
mudflows down the North Fork Toutle River and
subsequent erosion; a display about how the lava dome is

copy at the Division’s library.

- being rebuilt; and rocks samples from Mount St. Helens -
.and other localities. Other models describe shear,
collision, and spreading zones in the Earth’s crust. An
interactive video displays plate movements, earthquakes,
and hot spots. The museum also has an earthquake-
simulation room, a display about aspects of global
‘'warming, a quiz about cities of the world that are subject
to relatively great geologic and weather-related-hazards,
a wave tank, and a watershed lab room with a stream
erosion table. Between Labor Day and Memorial Day,
the museum is open 9:30 am-5:30 pm, Saturday through
Wednesday; 9:30 am-9:00 pm, Thursday and Friday.
From Memorial Day to Labor Day hours are 9:30 am~

" 7:00 pm, Saturday through Wednesday, and 9:30 am~ -
9:00 pm, Thursday and Friday. It is closed on Christmas
Day. Adult admission is $7 for the basic exhibits. For -

.. more information, call 503-797-4000. =

New Book on Banded Agates

Banded Agates—Origins and Inclusions, a 32-page book
by R. K. Pabian and A. Zarins, was recently added to the
Division's library collection. The breadth of the book’s cov-
erage is indicated by the list of contents. Among the topics
discussed are tectonic and stratigraphic settings, geo-
chemistry, how and why bands form, and pre-banding in-
‘clusions. The 57 illustrations are in full color. The book was
‘published in 1994 as Educational Cirettar 12 by the Con-
servation and Survey Division of the University of Ne-
braska-Lincoln. Mineral collectors are invited to read the
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‘Cyanide Heap Leaching—The Process,
Environmental Problems, and |

Regulation in Washington

" David K. Norman
Washington Department of Natural Resources
Division of Geology and Earth Resources
PQ Box 47007, Olympia, WA 98504-7007

INTRODUCTION

Heap leaching is a metallurgical process for extracting metals
by trickling cyanide solutions through crushed ore that has
been stacked on the ground (Fig. 1). The process’is used pri-
marily for extracting gold and silver from low-grade oxidized
" ores where large flat areas are available for outdoor pads. Cya-
nide heap-leach operations are currently used primarily in the
arid western states particularly at gold mines in Nevada (Fig.
2.
- While the concept of extracting metals using cyamde is
fairly old, cyanide heap-leach technology-has developed sig-
nificantly over the past 15 years. Use of cyanidé heap leaching
has steadily increased due to-its low cost for recovering gold
and silver.
Northern Nevada was the site of the first small-scale com-
mercial cyanide heap-leach operation by the Carlin Gold Min-

ing Co. in the late 1960s (Hiskey, 1985). The first large-scale

operation, in the early 1970s, was also in Nevada (Dorey and
others, 1988).

~ Only three cyanide heap leaches have operated in Wash-
ington. None is currently active, and all were less than 2 acres.
However, the impact of these.operations has been greater than
their size would indicate. Each of these operations is briefly

described in this article. Large-scale cyanide heap-leach op- »

erations have not been attempted in Washington.

Robert L. Raforth

Washington-Department of Ecology

Central Region Water Quality Program

106 S. 6th Avenue, Yakima, WA 98902-3387

CYANIDE AND THE MINING INDUSTRY
Cyanide Chemistry

The cyanide anion is a simple compound consisting only of
carbon and rutrogen (CN"). Itisa fundamental building block
of many organic.compounds. ,

Many industrial uses for cyanide have been discovered,
principally in the chemical, metal, and mining industries.
Naturally occurring elevated levels of CN~ are also found in
plants, such as corn, lima beans, and sweet potatoes, as well as

in the seeds of fruit, such as apples, cherries, and plums. A~

host of diverse products, such as pesticides, fertilizers, drugs,
plastics, dyes, and pigments, require cyanide in their manufac-
ture (Stanton and others, 1986). It is also an important ingre-
dient in processes for electroplating, case hardening of steel,
metal cleaning, metals leaching, and ore flotation.

Cyanide readily forms stable salts with sodium, calcium,

N

and potassium. Sodium cyanide (NaCN), the most common -

salt used in mineral processing, is usually transported as a
solid to the mine site, where it is dissolved for use in process-

- ing. In solution, NaCN dissociates to sodium (Na*) and cya-

nide (CN‘) When cyanide reacts wnh water, it forms hydro-
cyanic acid (HCN).

HCN readily evaporates, and HCN gas is less dense than
air, flammable, and toxic. Cyanide can be kept in the liquid
state by controlling the concentration, temperature, and pH of

v sodium cyanide solution fresh water
bemg sprayed on ore pile as needed
) sodium cyanide
heap-leach — added - <
_pile of ore
oid
solutnon percolates g0 .
through ore rec‘zjor:??ry recy;:led
water

pad liner

from an lllustration by Alan Czarnowsky TerraMatrix.)
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solution pond - ; solution pond

Figure 1. Main steps of a heap- leach operation that produces gold doré or bullion (semirefined gold and silver with some impurities). (Redrawn

pregnant




by
p
k

the solution. In general, high temperature, high solution con-

- gentration, -and low pH (more acidic) promote the generation

of gaseous HCN (Fxg 3).

-Removal of Metals with Cyanide

Cyanide is able to complex (bond) with gold and silver, a char-
acteristic that makes it possible to dissolve and remove these
metals from ore. However, cyanide can also form complexes
with mercury, zinc, copper, iron, nickel, and lead. If ores also
contain these metals, extracting gold requires more concen-
trated cyanide, which in turn creates waste waters that are dif-
ficult to treat (Smith and Mudder, 1991).

Chemists describe the removal of gold (Au), as well as sil-
ver (Ag), by cyanide in'this overall reaction:

4Au + 8NaCN + O2 + 2H20 — 4NaAu(CN)2 + 4NaOH

In general, fairly weak cyanide solutions can be used to
extract-gold and silver because the chemical tendency to com-
plex with these metals is strong. In the absence of other metals,
al100 milligramns/liter (mg/1) solution of NaCN (that is, about
50 mg/1 free cyanide) can provide the maximum rate and ex-
tent of dissolution (Smith and Mudder, 1991). Free cyanide is
defined as the sum of molecular hydrogen cyamde (HCN) and
cyanide anion (CN™). )

The solution of gold complexed thh cyanide is called a
‘pregnant’ solution. Gold is recovered from this solution by
the zinc precipitation process or by the activated carbon ad-
sorption process.

The zinc precipitation process is an electrochemlcal reac-

- tion in which electrons are released as the metallic zinc pow-

der reacts with free-cyanide ions in the absence of oxygen,
converting the gold ions that.are complexed with cyanide to
elemental gold.

The activated carbon adsorption process introduces no ad-
ditional metals into the gold recovery process. Stripping the
adsorbed gold from carbon is typically accomplished using a

Figure 2. The Gold Bar mine in Nevada owned by Atlas Gold Mining, Inc. Shown in the photo
are: (1) the open-pit mine, (2) heap-leach pads and pad area, (3) barren ponds and pregnant
ponds, (4) cyanlide neutralization tacilities, (5) building facllities and crushers, and (6) waste rock.
(Photo courtesy of Atlas Gold Mining, Inc.)

solution containing 0.1% NaCN and 1% sodium hydroxide
(NaOH) at elevated temperatures. The gold is generally recov-
ered from the NaCN/NaOH solution by electrowinning (the
recovery of metals from solution by electrolysis), allowing a
portion of the cyanide to be recycled (Muhtadi, 1988). The use
of activated carbon can decrease the concentrations of undesii-
able metals (particularly mercury) in solution, making waste-

water treatment more efficient (Smith and Mudder, 1991). As

a consequence, many mine operations have begun using the
activated carbon adsorption process. .-

Cyanide Extraction Methods’

- Heap leach and tank cyanidation are the two most common’

methods of gold extraction using cyanide that are currently
employed by the mining industry. This paper deals only with
the heap-leach process, but there are similarities between the
two methods.

Heap-leach extraction is-used for lower grade ore. The ore is
stacked in the open on an impervious pad, and a-cyanide solu- -

tion is trickled through the pile. Prior to being stacked on the

pad, the ore must be prepared. Ore preparation can range from’

no treatment, to crushing only, to crushing and combining
smaller particles of ore into groups of particles (termed ag-
glomeration). Agglomeration is accomplished with lime or ce-
ment to form pellets that increase the permeability of the heap.

Oxidized ores are most amenable to heap leaching. Most
oxidized ore has been subjected to the action of surface waters
carrying oxygen, carbon dioxide, etc. Oxidation alters the
original sulfide minerals (in which a metal is bonded to sulfur)
to oxides (in which a metal is bonded to oxygen.) For ores that
are not oxidized, one strategy for oxidizing the ore is autoclav-
ing or pressure cooking the sulfides. -

Tank cyanidation is used for higher grade ores. For tank cyani-
dation, the ore must be finely ground prior to treatment. Gold
recovery is much higher from fine ore than from coarse frag-
ments. Cyanidation takes place in an en-
closed tank located indoors or outdoors.

100
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Percentage of oyanide as HCN

Figure 3. Relation of HCN and CN- to pH.
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It is widely used in the mining industry—the Echo Bay Mining
and Hecla Mining Co. operations at Republic, Washington,
use tank cyanidation to recover gold and silver,

THE HEAP-LEACH PROCESS

For a cyanide heap leach, the ore is piled in truncated pyra-
mids, typically in 20- to 30-ft high lifts (layers) (Fig. 4) that
may cover-as much as several hundred acres. A dilute NaCN
solution is then applied to the top of the ore pile by drip or
spray-irrigation techniques (Fig. 5). Typical application rates
_range from 5 to 75 gal/ft? of surface per day. Solution
strengths are approximately 400-800 mg/l NaCN with a pH of

about 10.3. As the.NaCN solution passes through the stock-

piled ore, gold and other metals are leached from the rock.

The pregnant solution containing the gold flows out from
under the pile along an impervious pad or liner (Fig. 6) to a
lined pregnant solution pond (Fig. 7). The pregnant solution is
then pumped to a gold recovery plant, where either the acti-
.vated carbon adsorption or the zinc precipitation method is
used to extract gold.

Once the gold is.stripped from the.liquid, the barren cya-

pide solution is recycled to the leach piles. Depending on the .

chemistry of the barren solution, more cyanide may be added

- and the pH may be adjusted. The piles are leached until all of
the gold that can be economically extracted by the method is
removed. Heap leaching typically recovers only 60 to 80 per-
cent of the gold and silver in the ore.

In well-operated mines, heaps and solution ponds are then
neutralized by natural processes, washing with water, or treat-
ing with chemicals that destroy cyanide. The neutralization
process can generaie nitrites, nitrates, and inorganic carbon.

The heaps are either reclaimed in place or the neutralized
spent ore is placed back in the pit (if suitable conditions are
present and the pad can be unloaded without damage) (Fig. 8).

Heap-Leach Components

NN

| ore-processing area with a leach pad and pond system
(unique to the heap-leach process).

Heap and Pad Construction

Choices of heap locations are generally constrained by haul '~
distance, land availability, and topography. The foundation for
the heap must be engineered to withstand loading—it must be
stable and not settle. :

" Three basic methods of heap and pad construction are used:

Permanent multiple-lift expanding heap. Spent ore remains
on the pad after leaching is completed. New layers, referred to
as lifts, are continually built on top of the spent ore (Figs. 2,
4), resulting in a truncated pyrarmd appearance.

Reusable pads. Spent ore is removed from the pad and dis-
posed of. More ore is then placed on the pad and the process.
is repeated

Valley leach. A valley is used as the leaching area. An earthen
dam built at the lower end of the valley holds both the ore and
the leachate (Dorey and others, 1988). The heap and the pad
are designed to be stable structures. This method is most com-
monly used in mountainous terrain. Ore is continuously placed
on the heap as in the permanent multiple-lift expanding heap
method. The liner must resist the tendency to creep down the

~valley (Dorey and others, 1992).

Liners ] .
The pad liner is a critical component for a safe heap-leach op-

"eration. The liner collects and contains the leach solutions

(Figs. 6 and 9) and acts as a platform on which the heap is -
built. Historically, liners (soils, clays, and geomembranes)
have leaked, but recent advances have made liners more reli-
able. However, design criteria must be based on the assump-
tion that l